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Poverty reduction and shared prosperity can be achieved only with sustained growth.
But the global economy is increasingly vulnerable to global shocks. The COVID-19
(coronavirus) pandemic and its devastating impact on livelihoods has shown how
vulnerable economies are. Potential future pandemics, climate change shocks, and
political tensions threaten a sustainable recovery and future economic growth pros-
pects. In this context, technology is emerging as a critical lifeline to increase the resil-
ience of economies and boost economic growth. The pandemic has led to an
unprecedented demand for the use of digital technologies by businesses and therefore
provides a renewed opportunity to accelerate technology upgrading.

Since Joseph Schumpeter’s pathbreaking work, technology has been recognized to
be at the center of economic growth and development. Technologies used by firms are
central to the process of creative destruction. Yet, existing measures of technology use
fall short of providing a comprehensive characterization of technologies across and
within firms, particularly for developing countries. This volume builds on a large
effort to collect novel data through the new Firm-level Adoption of Technology (FAT)
survey, providing a breakthrough contribution to address this knowledge gap. The
new methods and data presented allow practitioners and policy makers to look inside
the “black box” of technology adoption by firms and identify the key obstacles that
constrain job creation through digital transformation and upgrading of business
functions.

The volume’s key findings contribute to the literature in three major directions.
First, new measures of technology use show that most firms in developing countries are
quite far from the technology frontier, and they may not be aware of the extent to
which they lag. Second, new evidence shows that technology adoption is a key driver of
long-term growth through its positive impact on productivity, jobs, and economic
resilience. Third, in bridging the technological divide, access to reliable and high-
quality infrastructure is a necessary condition for technology upgrading, but not a suf-
ficient one. Developing countries need to enhance their institutions to promote market
competition while shifting the focus from access to technology to the effective use of
technology by firms.
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The research presented here is part of the World Bank’s Productivity Project led by
the Chief Economist’s Office of the Equitable Growth, Finance, and Institutions
Vice Presidency. We are confident that researchers and development practitioners
alike will highly value the new findings on technology adoption and the directions for
development policies this volume contains.

Indermit S. Gill
Vice President, Equitable Growth, Finance, and Institutions
The World Bank
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Productivity accounts for half of the differences in gross domestic product per capita
across countries. Identifying policies that stimulate productivity is thus critical to alle-
viating poverty and fulfilling the rising aspirations of global citizens. In recent decades,
however, productivity growth has slowed globally, and the lagging productivity perfor-
mance of developing countries is a major barrier to convergence with income levels in
advanced economies. The World Bank Productivity Project seeks to bring frontier
thinking to the measurement and determinants of productivity, grounded in the devel-
oping country context, to global policy makers. Each volume in the series explores a
different aspect of the topic through dialogue with academics and policy makers and
through sponsored empirical work in the World Bank’s client countries.

Bridging the Technological Divide: Technology Adoption by Firms in Developing
Countries, the seventh volume in the series, breaks new ground in the empirics of tech-
nology adoption. Like The Innovation Paradox before it, this volume stresses the impor-
tance to economic growth of the flow of ideas and new practices. Indeed, recent studies
suggest that differences in the evolution of technology diffusion across countries drive
a corresponding evolution of productivity (total factor productivity) that can account
for the divergence in the world income distribution over the last 200 years.

The agent that in practice undertakes technology adoption and drives technology
diffusion is the firm. The Productivity Project opens the “black box” of the firm for the
first time in a comprehensive way by developing and fielding the detailed Firm-level
Adoption of Technology (FAT) survey in 11 countries. Bridging the Technological Divide
brings together the first wave of findings from that effort, documenting the patterns of
adoption of different types of technologies within and across firms, and the factors that
facilitate or impede diffusion. The hope is that the volume will stimulate interest in
exploring this critical dimension of growth generally, and exploiting these surveys in
particular.

This book is a product of the Equitable Growth, Finance, and Institutions Vice
Presidency.

William F. Maloney
Chief Economist, Latin America and the Caribbean Region

Director, World Bank Productivity Project series
The World Bank
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Every body must be sensible how much labour is abridged and facilitated by the
application of proper machinery. By means of the plough two men, with the
assistance of three horses, will cultivate more ground than twenty could do with
the spade. A miller and his servant, with a wind or water mill, will at their ease

grind more corn than eight men could do, with the severest labour, by hand mills.

—Adam Smith, An Inquiry into the Nature and Causes of
the Wealth of Nations, 1776

The Imperative of Technology in Developing Countries

Technology is at the heart of economic growth. From historical accounts of how tech-
nological change since the Industrial Revolution has shaped economic development in
Europe, such as David Landes’ The Unbound Prometheus (Landes 2003), to endogenous
growth models (Romer 1990; Aghion and Howitt 1992), technology has been identi-
fied as a key ingredient of growth and economic transformation. Measuring the uses of
technology and understanding the drivers of and barriers to the adoption of technol-
ogy are, therefore, critical to designing policies that facilitate economic development.
Until the nineteenth century, the main source of cross-country variation in technology
was whether new technologies had arrived in a country (Comin, Easterly, and Gong
2010). While there has been a widespread reduction in the time needed to acquire and
adopt a new technology, current technological differences across countries originate
mostly from differences in how intensively new technologies are eventually used once
they arrive in a country (Comin and Mestieri 2018).

Technological catch-up happens through firms. Firms are the prime source for
adopting more sophisticated technologies to be applied in the production of goods and
provision of services. These upgrades are key to promoting gains in productivity, the
engine of economic growth and prosperity. While technology can improve economic
welfare through different channels, it is primarily through the process of adoption by
firms that most workers are affected. Workers can have access to higher-productivity
jobs and countries can achieve higher prosperity through the adoption of more sophis-
ticated technologies. With very few exceptions of countries that are rich in natural
resources, there is no successful example of a developing country that graduated to
become an advanced economy without improving the technological level of its
production through its firms, in either agriculture, manufacturing, or services.



Yet around the world, there is a large technological divide across firms. This divide
is reflected in low productivity levels and a lack of better-quality jobs—particularly in
developing countries, where the number of enterprises per worker relatively close to
the forefront of technology sophistication (the technology frontier) is quite low. But
this divide is not restricted to developing economies. In high-income countries, the gap
between frontier and laggard firms is also large and could potentially increase,
which could, in turn, deepen challenges associated with income inequality across and
within countries. The technological divide across firms also affects firms’ varying
ability to cope with and bounce back from economic shocks, given that more capable
and technologically sophisticated firms are also more resilient.

Bridging the technological divide is thus an imperative for development policies.
Understanding how technology is used and distributed across firms and identifying the
main drivers of adoption are critical to unpack the “black box” of the firm, and, even
more important, to design policies that can help accelerate adoption and convergence
to the technology frontier. Addressing some of the most relevant development chal-
lenges, from eradicating global poverty to promoting environmentally sustainable eco-
nomic growth, will require not only innovation, but also technology upgrading of
firms across the globe. The fact that most firms, particularly in developing countries,
are far from the technology frontier suggests that this is not an easy challenge, but it
also suggests that there are many opportunities for enhancing productivity and gener-
ating high-quality jobs in developing countries. To better understand this challenge at
the firm level, we need to improve existing measures of technology and the body of
data that can better reveal how firms make decisions and actually use (or do not use)
technology in their operations. This will help answer the question of why firms, par-
ticularly in developing countries, are not adopting and using technology that clearly
could benefit them. Armed with this understanding, policy makers and practitioners
can design better policies and interventions to help firms adopt better and more sophis-
ticated technologies.

Recent global trends have increased the focus on technology as a source of growth.
First, numerous studies have documented a productivity growth slowdown in advanced
economies and some middle-income countries in recent decades (Andrews, Criscuolo,
and Gal 2016; Gordon 2012), as well as a decrease in business dynamism (Akcigit and
Ates 2019). An important culprit for this slowdown is the lack of innovation, and more
important, the low diffusion of technology to laggard firms. Second, the spread of
advanced digital technologies and the so-called fourth industrial revolution (Industry
4.0), along with changes in production processes and potential reshoring, threaten
some of the production and development models based on exports and low wages,
which were enormously successful in the East Asia region. These new developments call
for more investments in technology upgrading. Third, the COVID-19 pandemic and
related restrictions have increased the pressure for more flexible and automated pro-
duction and management processes that can circumvent lockdown restrictions and
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potential structural changes in demand and point to the need to be technology-ready
for future shocks. Finally, climate change and increasing concerns about the state of the
global environment will continue intensifying the need to upgrade to more sophisti-
cated and cleaner technologies.

The Technological Divide

Despite the economic relevance of the technology frontier, there is no comprehensive
body of data across countries and sectors describing where the frontier is and how far
firms in developing countries are from it. As a famous saying—usually attributed to
Peter Drucker, a well-known management consultant—goes, “You cannot improve what
you don’t measure.” This dictum describes a common challenge policy makers and
practitioners face when thinking about the effectiveness of policies to promote tech-
nology upgrading. The World Bank Group has made important contributions to
address similar challenges in other areas in the past, such as poverty and education. The
poverty line and associated household data collection, for example, introduced in the
1990s, have facilitated designing, targeting, and monitoring public interventions aimed
at eradicating global poverty, including projects funded by the World Bank. Yet, efforts
to measure technology adoption by firms have been restricted to a few variables
included in the World Bank Enterprise Survey, mostly related to access to general-
purpose technologies (such as electricity, the internet, or websites) or to individual
projects (such as those promoting technology upgrading for agriculture). Other insti-
tutions are furthering measurements of technology, particularly national statistical
offices, but most of them are restricted to measuring information and communication
technology, or advanced manufacturing technologies in high-income countries.

This volume advances these efforts by proposing a new approach and body of data
to understand adoption and use of technology from the perspective of the firm, par-
ticularly in developing countries. Specifically, this volume addresses data shortcomings
in existing surveys, and offers a new framework for collecting data on the adoption and
use of technology by firms. This new approach facilitates exploration of the process of
technology adoption by firms and its variation (heterogeneity) across firms, sectors,
and countries with a high level of granularity. In the light of the new data collected, the
volume examines some of the theories on technology adoption and presents new styl-
ized facts that can improve the design of policies to facilitate technology adoption and
diffusion. It also provides a detailed overview of the process of technology adoption
with special emphasis on developing countries, and the important variations that char-
acterize technology use across and within firms.

To do so, the volume introduces a new data collection instrument, the Firm-level
Adoption of Technology (FAT) survey. The development of the FAT survey involved
intensive research and interaction with more than 50 industry experts with experience
in firms in advanced economies as well as in developing countries to identify the
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location of the technology frontier and the array of technologies (the technology grid)
available for a firm to perform a task, including the most relevant technology options—
from most basic to most sophisticated. More specifically, the methodology identifies
the relevant business functions conducted by the firm. They are split between general
business functions (GBFs) that are common to all firms, such as business administra-
tion and payment methods, and sector-specific business functions (SBFs) relevant to
specific sectors, such as harvesting for agriculture, and sewing for wearing apparel.
Then, for each of these business functions, the FAT survey identifies a grid of technolo-
gies available to perform that task, and with guidance from industry experts, it ranks
them according to their level of sophistication.

While the FAT survey identifies where the technology frontier is, the data collected
across several countries help determine how far from the frontier firms are. The data
provide a very rich characterization of the technologies used by firms and offer new
insights on the main drivers of and barriers to technology adoption. The survey was
implemented in 11 countries, across a variety of regions and income levels. In addition,
the analysis is complemented by a review of some of the main policy instruments that
can be used to support technology adoption, with the aim of helping government and
public agencies design more effective policies to support technology adoption.

The FAT survey captures the multidimensionality of technology in terms of types,
use, drivers, barriers, and impacts. These multiple dimensions require identifying and
measuring the different types of technologies that are covered by this volume. While
firms adopt technologies to accomplish specific tasks, the characteristics of these tech-
nologies vary and affect their potential benefits, their main drivers, and the key obsta-
cles to adoption.

The attempt described in this volume to measure and document the mechanisms of
technology adoption can be seen as analogous to recent efforts in the realm of manage-
rial quality.! Despite these similarities, there are also important differences in these
approaches. While management practices refer to establishing routines to deal with
decision processes, the technology measures presented in this volume reflect actions
embodied in machines and software or represent processes that typically require certain
equipment and technological knowledge to use them. The effort reported here mea-
sures a large number of technologies used and derives several indexes of technology
sophistication. This provides a very granular perspective of general-purpose and
sector-specific technologies used to produce and sell goods and services.

Improving the measures of the technological divide is critical for developing
countries, where firms are often confined to more rudimentary and less automated
technologies. The more accurate and granular the information on technology use is,
the better equipped researchers, policy makers, and practitioners can be to identify
the key bottleneck(s) to facilitate technology upgrading that can lead to expansion of
firms and creation of better jobs. For this purpose, data with detailed measures of
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technology used by firms across different sectors are needed. This kind of measure
can be aggregated by country, regions, sectors, or specific business functions to iden-
tify the distance from the technology frontier, and to understand the key drivers,
obstacles, and policies that could improve these results. This is the main contribution
that this volume aims to provide.

Perhaps the best way to illustrate the implications of the technological divide is with
an example. Imagine a young worker starting a job in two different country contexts.
The first worker starts working in a food-processing firm producing dairy products in
the Republic of Korea. This firm has 150 workers and uses frontier technologies to
perform most business functions, from administration to production. The second
worker goes to a firm of similar size in Kenya, producing similar products. Despite
performing similar functions using above-average technologies compared to other
firms in Kenya, there is a significant gap in technologies this firm uses for production
compared to its Korean peer. The estimated productivity per worker in the Korean firm
is about 55 percent higher than the firm in Kenya, which allows the Korean firm to pay
higher salaries to its workers. But this is only part of the reason why the economic pros-
pect for a worker is expected to be higher in Korea.

Firms in more advanced economies are not only more technologically sophisticated
on average, but there are also many more of them. A key economic challenge for most
developing countries and emerging economies is not only that their average formal
firm is distant from the technology frontier, but there are also very few of them, relative
to the population.? Returning to the comparison between Kenya and Korea, both
countries have a relatively similar population (around 50 million), but a very different
number of firms. The Kenyan economy has less than 1 formal business with more than
10 employees for every thousand individuals, and about 2.1 for every thousand
individuals of working age. Korea has about 6.5 formal businesses with 10 or more
employees for every thousand people, and 9.2 businesses for every thousand individuals
of working age. To move closer to the frontier, developing countries need not only to
improve the technological capabilities of existing firms but also to build the conditions
to optimize the reallocation of resources toward more capable firms, and attract more
entrepreneurs to increase the entry of high-quality firms and induce the exit of low-
productivity firms, as highlighted by the second volume of the World Bank Productivity
Project series (Cusolito and Maloney 2018).

Road Map to the Volume

This volume focuses on the adoption and use of technology by firms. The firm is
at the center of the analysis. This implies that we need to understand how tech-
nologies are applied to the main tasks that firms need to carry out to produce and
sell goods and services. This requires opening the black box of the firm further
(Rosenberg 1983) and documenting the types of technology and the processes
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used to perform firms’ tasks. To this end, the volume presents a new method to
measure technology at the level of business functions particular to the operations
of that firm (for some key definitions about business functions and technology, see
box I.1). This approach allows us to understand what technologies are used, how
they are used, and why they were chosen by firms, which is a critical step to under-
stand the process of technology diffusion and the overall technological progress of
an economy.

Defining Technology and Business Functions

Technology can be defined as a manner of accomplishing a task especially using technical
processes, methods, or knowledge. This definition captures the broader perspective of the way
this term is used by social scientists, but it also highlights the challenges associated with measur-
ing it. Technology is not only the machinery or “hardware” but also often includes the process or
method. The discussion that follows highlights some important distinctions among different types
of technologies and the concept of business functions widely used across the volume.

Business functions. Business functions are specific tasks carried out by an enterprise with the
purpose of supporting or performing production or service provision. The concept of the business
function has been used by national statistical offices.? This volume follows a conceptual frame-
work that categorizes business functions in two groups: general business functions and sector-
specific business functions. General business functions are tasks that all firms conduct regardless
of the sector in which they operate (such as tasks related to business administration, including
human resources and finance; production or services operation planning; sourcing, procurement,
and supply chain management; sales; and payment methods). Sector-specific business functions
are usually more directly associated with core production processes or service provision and are
relevant only for firms in a given sector (such as food refrigeration in food processing or sewing in
wearing apparel).”

General-purpose technologies (GPTs). Historical accounts of technological change have
emphasized the role of certain technologies that have had a disruptive impact, such as the steam
engine, the combustion engine, electricity, computers, and the internet.c GPTs are widely used as
inputs of other technologies. For example, computers are necessary to implement enterprise
resource planning.? The adoption and diffusion of GPTs are critical elements of aggregate produc-
tivity and countries’ technology convergence.¢ But at a more micro level, what matters for firms'
productivity is the application of these GPTs in complementary technologies.  Thus, the study of
firm technology adoption needs to go beyond the use of GPTs and document the use of applied
technologies.

Digital technologies. A digital technology allows the representation of information in bits to
generate, store, or process data, which can reduce several relevant economic costs. Digital
technologies are characterized by cost reduction along five dimensions: (1) search costs;
(2) replication costs; (3) transportation costs; (4) tracking costs; and (5) verification costs.?
Digital technologies are applications of other GPTs (including computers, software develop-
ment, and the internet) that overcome the limitation of communication and integration across
computers. Recently, mobile communications and cloud technologies have been expanding the

(Box continues on the following page.)
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Defining Technology and Business Functions (continued)

development of these technologies. As a result, the use of these technologies also depends on
the provision of GPT infrastructure, mainly the internet and the mobile network. While many
frontier technologies are digital these days, there is large variation in terms of sophistication of
digital technologies applied to different tasks of the firm.

Technology adoption. Technology adoption refers to the acquisition and use of a new technol-
ogy by individual units (such as a firm, a household, or an organization).

Technology diffusion. Technology diffusion is the dynamic consequence of adoption across
firms and organizations. It measures the accumulation of technology across adopters and over
time, which arises from decision units at the level of individuals, firms, and governments. While
the concept of technology adoption centers on individual units (such as firms), the process of
technology diffusion is centered on the technology itself (Stoneman and Battisti 2010). For exam-
ple, the diffusion of tractors with global positioning systems (GPS) in a given country, over time,
represents an aggregated behavior of several adopters (including firms in this country that started
using this technology).

Network effects. Network effects occur when the value of a technology, such as computers or
automated teller machines (ATMs), increases the more users it has. Network effects are often
accompanied by a production scale effect that reduces the cost of the technology. A critical ele-
ment for adoption is that decisions to adopt depend on the number of users." Most technologies
have some degree of network effects, given that the more users a technology has, the greater the
availability of additional or complementary services that can be provided. Understanding how
large these network effects are will determine the decision by a firm or other adopters to adopt
the technology, and hence also affects its diffusion.

a. Eurostat (2000) defines the term “business function” as the activities carried out by an enterprise, which can be divided
into core functions and support functions. According to this definition, core business functions are activities of an enterprise
yielding income: the production of final goods or services intended for the market or for third parties. Support business
functions are ancillary (supporting) activities carried out by the enterprise in order to permit or to facilitate the core business
functions, its production activity.

b. Chapter 1 and appendix A provide further details on these concepts and how they are linked to the technology measures
at the firm level.

¢. See Landes (2003); Rosenberg (1983); and Comin (2000). Bresnahan and Trajtenberg (1995) characterize GPTs as a handful
of technologies that become ubiquitous in their use, and as they diffuse they bring about general productivity improvements.
d. For example, electricity enabled a revolution in the way machinery operated and new technologies were developed.
Computers and the internet allow firms to implement new management and sales technologies. The Internet of Things is
enabling a revolution in technologies implemented in agriculture.

e. Bresnahan (2010) identifies three key features. These technologies are “i) widely used, ii) [are] capable of ongoing
improvement, and iii) [enable] innovation in the sectors where these are applied.”

f. See Comin and Hobijn (2004) for evidence across countries. An example of the relevance of this topic is the ever-expanding
literature on the impact of computers and information and communication technology on aggregate productivity and the
missing productivity gains, described as the “productivity paradox” (Solow 1987).

g. See Goldfarb and Tucker (2019) for more details.

h. An extensive literature has focused on the market structure of these technologies (Katz and Shapiro 1986) and the
prevalence of standards (David 1985). A famous case is that of video cassette recorders (VCRs) in the 1980s, with two
competing main technologies, VHS and Beta. In the case of ATMs, Saloner and Shepard (1995) show how delays in adoption
decline with the increase in the number of branches and users.
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The volume is organized in three parts aiming to address the following questions:

m  Where is the technology frontier and how far from it are firms in developing
countries?

»  What are the implications of the technological divide for jobs, growth, and
resilience?

= What can countries do to bridge the technological divide?

Part 1. Measuring the Technological Divide (Chapters 1, 2, and 3)

The first part of the volume focuses on the need for this new measurement frame-
work and describes in detail the main characteristics of the FAT survey and key find-
ings. It provides the foundation to understand the degree of firms’ adoption of
technology and the multiple dimensions of the use of technology in firms. The
remainder of this part is based on the analysis of the new data collected, which allows
new stylized facts about technology adoption by firms to be uncovered and
presented.

Chapter 1 describes the methodology of the FAT survey as a new approach to mea-
sure firm-level adoption and use of technology. The chapter starts by reviewing the
literature on measuring technology adoption from different perspectives, including the
macro and micro levels. It then explains further how the FAT survey was elaborated
and what technologies are covered for both general and sector-specific business func-
tions, and how the information is converted into a technology sophistication index that
can be aggregated by business function, firm, sector, region, and country. The chapter
concludes with a discussion about how the new method and the FAT survey can address
some of the limitations of standard measures of technology through different dimen-
sions: first, by identifying the purpose for which a technology is used for a particular
business function; and second, by differentiating adoption (whether the firm uses a
technology or not) from intensive use (what technology a firm is using most frequently
to perform a business function).

Chapter 2 presents some stylized facts on firm adoption of technology analyzing
primary data collected by the FAT survey. This volume uses primary data collected
across 11 countries, including Bangladesh, Brazil (only the state of Ceard), Burkina
Faso, Ghana, India (only the states of Tamil Nadu and Uttar Pradesh), Kenya, the
Republic of Korea, Malawi, Poland, Senegal, and Vietnam. These facts are organized by
cross-country, cross-firm, and within-firm dimensions. The technology facts high-
lighted in this chapter summarize some of the key messages across the volume. The
discussion starts by showing how far the average and the top 20 percent of firms are in
terms of technology sophistication from the technology frontier in manufacturing,
agriculture, and services. The top 20 percent of firms in Korea and Poland are used as a
benchmark and an aspirational frontier for developing countries. The results show that
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the technology index used in the analysis is strongly correlated with regional productivity
across countries. They suggest that comparing the technology sophistication of the
average formal firm is not enough to understand the aggregate technology gap, and
therefore the income gap, on a per capita basis. The density of firms with sophisticated
technology and the number of workers they employ also matter. The chapter also ana-
lyzes the variation of technology sophistication across business functions within firms,
the trends of technology adoption across firm size, and the potential behavioral bias
from firms misjudging their low levels of technology.

Chapter 3 provides a deep dive into differences in production technologies
adopted by firms in different sectors. It starts with a detailed description of the
technology sophistication used in agriculture, food processing (manufacturing),
wearing apparel (manufacturing), and retail (services). For agriculture, it shows
how the technology index captures variations in technology sophistication, using
practical examples from Senegal comparing irrigation and storage practices. This
chapter also provides a discussion about variations in technology intensity across
sectors from the perspective of advanced Industry 4.0 technologies. In particular, it
uses one business function that is common across all manufacturing firms and
shows that some of these advanced technologies (such as robots and 3D printers)
are much more prevalent among firms in the motor vehicles sector than in other
manufacturing sectors. This focus on sectors also highlights that the technology
frontier in some sectors might be more sophisticated and capital intensive. Yet,
robots and 3D printers may not capture the level of sophistication of the average
firm in another sector, such as pharmaceuticals, that is also knowledge and capital
intensive. The chapter also challenges the popular perception that firms can jump
across levels of technology, and finds that such leapfrogging is rare in sector-specific
technologies. The chapter ends with an analysis of the relationship between
technology sophistication and the decision to outsource SBFs. As an example, it
shows that, on average, firms that outsource the SBF of design in the wearing
apparel sector tend to have lower levels of sophistication.

Part 2. The Implications of the Technological Divide for Long-Term Economic
Growth (Chapters 4 and 5)

The second part of the volume analyzes the relationship between technology adoption
and productivity, jobs, and economic resilience.

Chapter 4 traces the links between technology adoption and firm performance,
with a focus on productivity and jobs. To start, it shows a positive and significant
association between technology sophistication as measured by the FAT technology
index and productivity at the firm level. It then discusses how this relationship
between technology and productivity is also associated with structural change,
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emphasizing the larger technology gap between Korea and Senegal in agriculture
than in manufacturing and services. This gap is mostly driven by informal firms. The
discussion highlights the importance of facilitating technology adoption in agricul-
ture as a driver of structural change. The second part of the chapter focuses on the
relationship between technology adoption and jobs. First, it shows that most firms
report that they do not change the number of workers when adopting more sophis-
ticated technologies. Indeed, contrary to popular belief, the results from the FAT data
comparing firms across countries suggest that firms that have adopted more sophis-
ticated technologies have generated more jobs, on average. Moreover, these addi-
tional jobs do not necessarily reduce the share of unskilled workers on their payrolls.
If anything, the negative significant correlation with SBFs suggests that for some
technologies the share of unskilled workers increases. The chapter also combines the
FAT data with administrative matched employer-employee data from Brazil and
shows that there is a positive and significant wage premium associated with more
sophisticated technologies, as well as higher wage inequality within firms.

Chapter 5 analyzes how the COVID-19 shock has increased firms’ investments in
digitalization, and how firms that were more “digital ready” before the pandemic
have been more resilient. This finding has relevance for the slower-moving crisis of
climate change shocks. This chapter starts with a discussion of patterns of digitaliza-
tion, emphasizing the heterogeneity of digital technologies across general and sector-
specific business functions. It examines how the market structure related to the
supply of digital solutions is important for the diffusion of digital technologies.
Then, the chapter assesses how the COVID-19 pandemic led to an unprecedented
shock that propelled firms to adopt digital technologies. To do so, the chapter intro-
duces data from the World Bank Business Pulse Survey (BPS), which included a few
questions on digital adoption. The results, based on data for more than 60 countries,
show that around 45 percent of firms started to use or increased their use of digital
platforms in response to the pandemic and 28 percent invested in digital solutions.
The chapter then presents the results of an analysis that combined data from the FAT
survey and the BPS to tease out the direct and indirect effects of technology readiness
on firm performance during the COVID-19 pandemic. The indirect effect stems
from the fact that technology readiness before the COVID-19 pandemic has also
helped firms adopt and increase their use of digital technology in response to the
shock. The results suggest that technology readiness significantly contributed to firm
performance, and the direct effect was about five times larger than the indirect effect.
The chapter ends with preliminary results for the FAT survey in Georgia, which
incorporates questions on green technology. It shows a positive association between
technology sophistication and the adoption of green technologies, which suggests
the existence of complementarities between “green” and “nongreen” technologies, as
well as the possibility of common drivers of and barriers to their adoption.
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Part 3. What Countries Can Do to Bridge the Technological Divide
(Chapters 6 and 7)

The third part of the volume discusses the key factors that impede technology upgrad-
ing by firms and the policy instruments available to promote technological catch-up.

Chapter 6 focuses on the drivers of and barriers to technology adoption and use.
This chapter starts by providing a conceptual framework, informed by a wide review of
the literature emphasizing the factors that drive adoption, including those that are
external to the firm (such as infrastructure, competition, demand, regulations, access to
finance, and supply of knowledge and human capital) and those that are internal to the
firm (such as information and behavioral biases, management quality and organization,
and know-how and skills capabilities). It then follows the structure provided by this
framework to analyze the association between technology sophistication and these fac-
tors, based on the FAT data. First, it focuses on firms’ perceptions, and presents results
based on what firms report as the most relevant drivers (competition) and obstacles for
adoption (lack of demand, lack of capabilities, and lack of finance). It then uses factual
data from the FAT survey to check the association between these variables and technol-
ogy sophistication, for both the extensive margin (whether the firm uses a technology or
not) and the intensive margin (the technology most frequently used by the firm). The
discussion highlights the various factors that drive adoption, and emphasizes that the
context and type of technology are important in understanding adoption.

Chapter 7 reviews the main policies and programs that can be most effective to
reduce the technological divide. It starts by providing some general guidelines to
design technology upgrading programs and emphasizes that public agencies have an
important role to play to address coordination and information failures. The starting
point should be to ensure that the enabling conditions to adopt technologies are in
place in terms of access to infrastructure, information, and external knowledge, and
the removal of regulatory bottlenecks. The chapter provides a checklist of actions for
policy makers to minimize the risk of government failure, and highlights the impor-
tance of implementing good diagnostics to identify key technology gaps and better
target firms. It provides some examples of how the FAT data can be used in this pro-
cess to help policy makers and practitioners identify key bottlenecks and prioritize
policy interventions. It also shows how the FAT survey can be used as a firm-level
diagnostic to support business advisory interventions. Finally, the chapter describes
a variety of policy instruments to support technology upgrading, and discusses some
of the most important features for design and implementation. These instruments
can play an important role in addressing some of the barriers highlighted in the pre-
vious chapter to promote technology diffusion and the digital transformation of
businesses.
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Contributions to the Literature

This seventh volume in the World Bank Productivity Project series contributes to the
literature on technology adoption in several ways:

» It describes a new methodology for measuring technology adoption at the firm
level.

m It presents new evidence of the firm-level technological divide across different
dimensions, such as countries, regions, sectors, firms, and business functions,
using a novel data set covering firms in agriculture, manufacturing, and services
from 11 countries.

» It uncovers the richness of the variation for technology sophistication across
sectors and the association with outsourcing some tasks.

» It provides new evidence on the effects of technology readiness on resilience.

» It offers novel findings regarding the limitations of improving access to digital
infrastructure on technology adoption.

= [t summarizes the tools available to policy makers aiming to promote technology
upgrading.

The FAT data can serve as a benchmark for firms, regions, and countries to understand
their distance from the technology frontier. The survey can also be used as a firm-level
diagnostic, helping policy makers and practitioners set areas to be prioritized when
designing and implementing measures to support technology adoption.

Main Messages from the Volume

The volume’s findings and analytical insights draw on a set of background papers
supported by the World Bank through this project. Cirera et al. (2020) provide key
concepts on technology measures and findings that are used throughout this volume.
These findings can be summarized in the nine main messages that follow.

There Is a Large Technological Divide across Firms

Message 1. Most firms in developing countries are quite far from the technology
frontier, and they may not be aware of the extent to which they lag.

Evidence from the FAT data shows that most firms are far from the technology frontier,
particularly in developing countries. This gap is present even for top firms with respect to
technology sophistication across countries and is wider in developing countries, where
few firms are relatively close to the technology frontier. Importantly, when firms are asked
to assess themselves in terms of technology sophistication with respect to other similar
firms in the country or globally, firms in the lower levels (quintiles) of technology sophis-
tication tend to demonstrate overconfidence, reporting a ranking that is well above their
actual level of sophistication. This behavioral bias may lead to an important market fail-
ure by reducing firms’ willingness to pay for technology upgrading.
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Message 2. Firms’ levels of technology sophistication span multiple dimensions.
The more disaggregated the unit of analysis—from country to region, to sector, to firm,
to business functions within the firm—the larger the variation.

Firms use different technologies to perform a variety of tasks needed for different
business functions. Some of these functions are common across firms (such as
business administration, sales, and payment methods), while others are sector
specific. A firm’s level of technology sophistication, measured by their proximity
to the technology frontier to perform a task, is not uniform across the business
functions of the same establishment. Indeed, the more technologically advanced
firms are, on average, the more variation there is in the level of sophistication
across functions. From this perspective, significant improvements in digital infra-
structure and access to general-purpose technologies are important enablers, but
they have limited power to explain the large variation of adoption between and
within firms.

Message 3. The transition from industrial revolutions is incomplete in developing
countries.

The simultaneous rapid spread of information and communication technology
(ICT) alongside the persistence of a large share of firms still struggling to access reli-
able electricity is one of the many paradoxes of technology in developing countries.
First, it shows the power and the limits of technology disruptions associated with the
digital revolution. Second, there is large variation in terms of the quality of supply
and potential for network effects through the diffusion of knowledge and technology
across firms and through different uses of digital technologies.” Thus, while the focus
of the media and policy makers is on the latest technological transition (or industrial
revolution), many firms in developing countries have yet to complete previous
transitions.

Message 4. Leapfrogging is rare. Technology upgrading by firms is mostly a continuous
process of learning.

Despite some perceived opportunities for leapfrogging, technological progress is,
and should be seen as, a continuous and accumulative process: a process that
requires firms to acquire the capabilities needed to increasingly adopt more
sophisticated technologies. It takes a significant amount of knowledge to learn
about frontier technologies in a given field, to identify which ones are the most
relevant for production processes, and to learn how to integrate them in the busi-
ness under different market conditions. Knowledge is also required to think about
the types of products, services, and processes that can be produced with each new
technology, and once a plan to upgrade technology has been made, to implement
it and train the workforce to execute it. As a result, a key objective of innovation
policies in developing countries must be to build these managerial, production,
and technological capabilities.

Introduction



Message 5. Technology adoption is important for productivity, jobs, and economic
resilience.

The FAT data show that there is a significant and robust association between the level
of sophistication of technologies adopted and used by firms and labor productivity.
This association is also present when comparing the average technology sophistica-
tion and productivity across regions and countries. These findings are consistent with
both the macroeconomic and microeconomic literature emphasizing the contribu-
tion of technology for productivity and long-term economic growth. Moreover, firms
with higher levels of technology sophistication grow more and generate more and
better jobs. While there is a positive wage premium for technology, evidence across
countries for which FAT data are available suggests there is not a significant associa-
tion between technology sophistication and changes in firms’ skills composition over
the same period that these firms grew faster. If anything, for sector-specific technolo-
gies, the results suggest that firms that have adopted better technology have increased
employment, including for low-skilled jobs. Technology adoption also leads to more
resilience. Previous research shows that firms with more diverse technologies were
more resilient following natural disasters. The same may be true for the COVID-19
pandemic. The FAT survey provides evidence suggesting that those firms with higher
levels of technology sophistication have been more likely to adjust and performed bet-
ter in terms of sales.

Bridging the Technological Divide Is an Imperative for Development
Policies

Message 6. Access to reliable and high-quality internet service and other infrastructure
is a necessary condition for technology upgrading, but not a sufficient one.

For a given quality of infrastructure access, there is large variation in the use of tech-
nologies for particular business functions at the firm level. This message has important
implications for investments supported by development agencies, including the World
Bank Group, by emphasizing the complementarities between investment in infrastruc-
ture and the necessary firm capabilities to benefit from it.

Message 7. Market competition is an important driver of adoption.

When looking at adoption decisions, it is important to understand not only barriers
but also drivers. One of the most important drivers is competition, which more than
40 percent of firms report is a main incentive to upgrade their technologies. Given
the barriers and drivers identified by this volume and the literature, the first and
most important role for the government is to create the enabling conditions for
technology adoption by: (1) investing in infrastructure; (2) eliminating regulatory
bottlenecks; and (3) solving coordination failures around the provision of technol-
ogy and advisory services and information infrastructure jointly with the private
sector.
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Message 8. Technology upgrading policies should shift the focus from access to
technology to use of technology.

Many firms, particularly in developing countries, do not intensively use technologies
for which they already have access to perform relevant business functions. While in
some cases this might be explained by network effects, such as the use of digital pay-
ments that depends on other actors, in others cases the constraint seems to be more
related to lack of complementary capabilities of the firm, such as the intensive use of
handwritten processes for business administration and planning, when the firm
already has access to computers and the internet. This is also related to other comple-
mentary factors that the firm may need to make the best productive use of available
technologies. In terms of direct support, for example, significant imperfections in
financial markets in developing countries limit firms’ access to finance for technology
upgrading, especially for intangible assets. Working with the financial sector to address
information asymmetries between lenders and potential borrowers is critical.
Instruments such as grants and vouchers need to be linked to some measurable posi-
tive spillovers and externalities, accompanied by technical assistance, and monitored
for their effects on the adoption and use of technologies, to avoid the risks of govern-
ment failure.

Message 9. The COVID-19 shock has provided an opportunity for technology upgrading.
The COVID-19 pandemic has led to an unprecedented demand for the use of digital
technologies by businesses. Building on this renewed interest in technology upgrading,
governments and business-support organizations are intensifying the use of policy
instruments to assist digital adoption and upgrading. While the surge in demand for
solutions opens several opportunities for technology upgrading for firms in developing
countries, there are also signs that the technology gap is increasing across firms, such as
a larger concentration of online sales by digitally connected companies at the expense
of brick-and-mortar retail businesses. New evidence presented in this volume shows
that firms that had a higher level of technologies before the pandemic, particularly
digital technologies, were significantly more likely to accelerate adoption after the
COVID-19 crisis struck. These results reinforce the finding that existing barriers may
be persistent. Mitigating the risks of this growing technology gap requires removing
existing barriers to adoption, especially in laggard firms.

Notes

1. There is a long tradition in management and economics documenting and measuring specific
management practices. Pathbreaking studies by Bloom and Van Reenen (2007) and Bloom et al.
(2019) have extended the scope of this literature by conducting firm-level surveys in a large
number of firms across countries to measure the quality of management practices along several
dimensions connected to operations, planning, monitoring, and human resources. These sur-
veys include the World Management Survey (WMS) and the Management and Organizational
Practices Survey (MOPS). While the WMS is a telephone-based survey using double-blind meth-
odologies, MOPS is an online and paper-based survey.

Introduction



2. This challenge goes beyond having more big firms (Ciani et al. 2020), given that large firms in
developing countries are also significantly behind the technology frontier.

3. Network effects occur when the value of a technology, such as computers or automated teller
machines (ATMs), increases the more users it has. Network effects are often accompanied by a
production scale effect that reduces the cost of the technology.
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Introduction

When firms adopt more sophisticated technology, it can boost productivity and
enhance opportunities for good-quality jobs. But technology is not a unique and
narrow set of equipment or processes. Firms use various technologies to perform a
variety of productive tasks, from administration to production, to delivery of their
products or services. The effects and limitations of different types of technologies
utilized by firms are still unknown. Thus, understanding firms’ process of deciding why
to apply a technology, what given technology they apply to perform specific tasks, and
how they apply it is fundamental to comprehending firms’ performance and improving
evidence-based policies that aim to boost technological progress.

Measuring “what” and “how” technologies are used by firms across a range of sectors
and levels of development is a challenge. Going back to the seminal works by Ryan and
Gross (1943) and Griliches (1957) on the diffusion of hybrid varieties of corn, the domi-
nant approach to measuring technology has focused on whether a potential adopter uses
an advanced technology. In addition to studying technology diffusion and the drivers of
adoption, this approach has facilitated the study of the effect of technology on productivity
or wages." Most of these studies, however, have looked at the impact of one specific tech-
nology, typically an advanced one. Although these measures have significantly contributed
to our understanding of “why” firms adopt a given technology, they do not provide a com-
prehensive perspective for understanding “what” different kinds of technologies firms are
using and “how” they are using them for different tasks that could complement one another.

This chapter reviews some of the existing approaches to measuring technology at
the firm level and proposes a new method to capture the multiple dimensions of the
use of technology from the perspective of the firm. The chapter addresses the following
questions:

= What are the main limitations of the current approaches measuring “what” and
“how” technologies are used by firms?

=  What more granular measures can be devised to better ascertain “what” and
“how” technologies are being adopted and used by firms?

= How can more granular measures of the use of technology within the firm
help us understand the importance of complementary factors—beyond
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infrastructure and the diffusion of general-purpose technologies (GPTs) such as
computers—to explain the technological progress of firms and inform policy
design tailored to different firms in different contexts?

Measuring Adoption and Use of Technology by Firms
Moving from Macro to Micro Analysis

The importance of technology adoption has been emphasized by macro, sectoral, and
micro studies, but the measures used at each level are difficult to reconcile. Macro-level
studies tend to be based on cross-country analysis mostly focusing on GPTs, such as elec-
tricity, the internet, or computers, using information on adoption by individuals or firms
that is aggregated at the country level. Sectoral studies tend to rely on firm-level or
household-level data, with a focus on the diffusion and impact of sector-specific technolo-
gies at a very granular level (such as the diffusion of varieties of seeds in agriculture). Other
firm-level studies tend to be broader in terms of sector and focus on the use of GPTs (such
as cloud computing) without identifying the specific purpose for which technologies are
being used, or examine very specific technologies that can be used by any firm (such as
enterprise resource planning [ERP] systems). Despite different approaches and measures,
studies at different levels of aggregation tend to converge on the importance of technology
for firm performance and the overall economic development of countries.

Recent findings from the macro literature support the need for better measures of
the adoption and intensity of use of technologies by firms. A recent important finding
is that while the lag between lower-income and high-income countries in the adoption
of technology has narrowed, the gap in the intensity of use of adopted technologies has
increased (Comin and Mestieri 2018). Thus, although the pace of technology diffusion
has accelerated, diffusion is uneven, resulting in an increasing technology gap across
firms and countries. A comparison of the diffusion of 25 GPTs in the past 200 years, as
shown in figure 1.1, suggests that newer technologies, such as personal computers and
the internet, are arriving more quickly in developing countries than older technologies,
such as the telegraph and tractors (panel a). Yet, despite their earlier arrival in develop-
ing countries, the gap in the intensity of their use between developing countries and
advanced economies is widening (panel b).?

At the sector level, agriculture is likely the most well covered in terms of studies mea-
suring and assessing the diffusion of sector-specific technologies.” There are several rea-
sons for the predominance of technology adoption studies focusing on agriculture,
including data availability, the large share of workers in low-income countries who are
still in agriculture, and the increasing importance of total factor productivity (TFP) as a
source of agricultural growth in the past few decades, as highlighted in Foster and
Rosenzweig (2010) and the fourth volume in the World Bank Productivity Project series
(Fuglie et al. 2020). More recently, an increasing number of studies have focused on sec-
tor-specific technologies used by manufacturing and services firms. Some of these studies
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FIGURE 1.1 While Countries Are Converging in Their Adoption of Technology,
They Are Diverging in the Intensity of Use
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Source: Adapted from Comin and Mestieri 2018.

Note: Each dot shows the average margin of adoption for high-income countries and developing countries, based on the World Bank
income classification. The technologies are presented in the following chronological order: 1. spindles; 2. ships; 3 and 4. railway,
passenger and freight; 5. telegraph; 6. mail; 7. steel; 8. telephone; 9. electricity; 10. cars; 11. trucks; 12. tractors; 13 and 14. aviation,
passenger and freight; 15. electric arc furnaces; 16. fertilizer; 17. harvesters; 18. synthetic fiber; 19. blast oxygen furnaces; 20. kidney
transplant; 21. liver transplant; 22. heart surgery; 23. personal computers; 24. mobile phones; 25. internet. Adoption lag refers to the
number of years that it took on average for the technology to arrive in the country, from the time of its invention. The intensive margin
refers to the number of units of technology (such as number of tractors per firm) in the country.

have linked the adoption of technologies—particularly information and communication
technology (ICT)—to the variation in productivity growth across sectors over time.* As
firm-level data are becoming more widely available, researchers are posing more relevant
questions about technology applied to manufacturing and services on a variety of issues.’
Finally, many firm-level studies aim to understand technology adoption with a focus on
a few GPTs. For example, Hjort and Poulsen (2019) show that the access to fast internet
connection increases firm entry, productivity, and exports in African countries.®

Although these different approaches tend to converge in identifying and
highlighting the economic importance of technology adoption, it is difficult to inte-
grate them in terms of measurement. A key gap is associated with the lack of appro-
priate comparable measures that provide representative information of technologies
used by firms to perform specific tasks and that can be aggregated at different levels
(such as firm size, sector, country, and region).

Moving from Measuring Adoption of GPTs to Measuring the Actual Use of
Technologies for Particular Business Functions within the Firm

From the standpoint of technology adoption and use, firms remain black boxes
(Demsetz 1997). The applied microeconomics literature has used granular measures of

A New Approach to Measure Technology Adoption by Firms

23



24

technology adoption by firms, but most of these measures apply to very specific sectors,
and therefore face constraints for purposes of comparability. Many attempts have been
made to understand the dynamics of technology through innovation surveys and pat-
ent data, but they do not capture some essential features of technology adoption, par-
ticularly for developing countries.’”

The relevance and emergence of digital technologies have motivated researchers to
measure the use of advanced technologies by firms in numerous sectors. As a result, sta-
tistical offices from advanced economies have developed ICT surveys for that purpose,
including the US Census Bureau (Information Communication Technology Survey
[ICTS] and Annual Business Survey [ABS]); the European Union’s Eurostat (Community
Survey of ICT Usage); and Statistics Canada (Survey of Advanced Technology [SAT]).
Recently, the Canadian SAT has extended the scope of these measurement efforts to mea-
sure whether firms use a significant number of advanced technologies (between 41 and
50, depending on the round), with a focus on manufacturing.

Despite significant progress, existing measures of technology still fall short of pro-
viding a comprehensive characterization of technologies used by firms. First, the num-
ber of technologies covered is rather limited when compared to how many technologies
are involved in production and management processes. Second, their focus on the pres-
ence of advanced technologies makes it impossible to understand how production
takes place in companies without such technologies. This concern is most relevant in
developing countries where advanced technologies have diffused more slowly. Third,
because their unit of analysis is the firm, existing surveys are not designed to examine
technology at the level of business functions undertaken by the firm, and cannot
measure which business functions benefit from each particular technology. This
drawback is particularly problematic for GPTs that can be relevant for multiple business
functions. Finally, existing surveys largely omit questions about how intensively a
technology is employed in the firm. Therefore, they do not reveal whether a technology
that is present is widely utilized or used only marginally.®

To overcome these limitations, this volume proposes a new approach to measure tech-
nology that shifts the unit of analysis from the firm to the business function level. This
approach, described by Cirera et al. (2020), led to the development of a new survey instru-
ment by the World Bank Group in collaboration with several sector and technology experts.
The survey, described in the next section, has been designed to collect detailed information
for a representative sample of firms about the technologies that each firm uses to perform
key business functions necessary to operate in its respective sector of economic activity.

Opening the Black Box: The Firm-level Adoption of
Technology (FAT) Survey

The World Bank Group’s new approach to measuring technology at the firm level, the FAT
survey, has been piloted to a representative sample of firms in 11 countries. Much of the
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analysis in this volume draws on the survey results and comparisons with other surveys and
studies.

The 11 countries included are: Bangladesh; Brazil (only the state of Ceara); Burkina
Faso; Ghana; India (only the states of Tamil Nadu and Uttar Pradesh); Kenya; the Republic
of Korea; Malawi; Poland; Senegal; and Vietnam. For those countries, subnational data
were collected for 51 regions. Data collection is ongoing or planned for 2022 in Brazil
(the state of Parand); Cambodia; Chile; Croatia; Ethiopia; Georgia; Indonesia; Mauritania;
and Peru. Preliminary results from Georgia are used in chapter 5 to discuss the relation-
ship between technology and resilience focusing on green technology.

The FAT survey has five modules. Module A collects information about general char-
acteristics of the firm.” Module B covers technologies used to perform general business
functions that are common across all firms, while module C focuses on sector-specific
technologies. Module D focuses on barriers and drivers of technology adoption, while
module E gathers information about the firm’s balance sheet and employment. To attain
a wide coverage that allows a meaningful study of sector-specific technologies, sector-
specific modules were developed for 12 significant sectors in the economy: agriculture and
livestock; manufacturing (food processing, wearing apparel, leather and footwear, motor
vehicles, and pharmaceuticals); and services (wholesale and retail, financial services, land
transport services, accommodation, and health services). These sectors have been selected
to cover all three major types of industry (agriculture, manufacturing, and services) and
are based on their share in a country’s aggregate value added, employment, and number
of establishments. The discussion that follows describes in more detail the approach devel-
oped to measure technology as part of modules B and C of the survey.

Linking Technologies to Business Functions

The approach to measure technology at the firm level starts by differentiating firm-
level business functions in two groups: general business functions (GBFs) and sector-
specific business functions (SBFs). The unit of analysis of this approach is the business
function, rather than the firm. GBFs are tasks that all firms conduct regardless of the
sector in which they operate (such as businesses’ administration-related tasks, produc-
tion planning, sourcing and procurement, sales, and payment methods). SBFs are tasks
relevant only for companies in a given sector (such as harvesting in agriculture, cook-
ing in food processing, or sewing in apparel). Figure 1.2 summarizes the way technolo-
gies are measured through business functions.

A key step for this approach is to determine what business functions and technologies
associated with them best represent the overall technology level of the firm. To this end, the
methodology follows three steps. First, the team conducted desk research revisiting the spe-
cialized literature. Second, experts across the World Bank Group in each of the sectors cov-
ered provided inputs and feedback. Third, the team reached out to external consultants
with significant experience in the field (at least 15 years)."” This process allowed the team to
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FIGURE 1.2 Conceptual Framework for the Firm-level Adoption of
Technology (FAT) Survey

Firm-level adoption of technology

Sector-specific business functions (SBFs)

(applied to firms in a specific sector)

GBF 1 GBF 2 GBF 3 SBF 1 SBF 2 SBF 3
| | | | | |
Technologies Technologies Technologies Technologies Technologies Technologies
B1 B2 B3 C1 G2 C3

Source: Qriginal figure for this volume.

identify the main business functions, both general and specific to the sector, conducted in
firms and the technologies that can be used to perform the key tasks in each of the identified
functions (corresponding to “why” firms use a given technology).

The proposed approach normalizes the technology measures by the technology fron-
tier in each business function. Previous measures of technology sophistication focused on
sectors—such as Lall (2000), which is widely used in the area of international trade—do
not capture the fact that regardless of the sector they are in, some firms are closer to the
technology frontier for a particular business function than others. For example, a firm in
agriculture in a given country might be much closer to the technology frontier than
another firm in manufacturing when considering their respective relevant business func-
tions. By normalizing the technology measures based on the frontier of each business
function in each country, this approach allows for the possibility of comparing firms in
sectors with different levels of intensity of technology use (technology intensity).

Technology Use across General Business Functions

What are the key business functions and technologies used across GBFs? The exercise
conducted with the support of private sector experts has identified seven key general
business functions that are common across all firms: business administration (such as
accounting, finance, and human resources); production or service operations planning;
sourcing and procurement (supply chain management); marketing and product devel-
opment; sales; payment methods; and quality control. These GBFs have in common the
fact that all firms tend to perform them, irrespective of their sector or activity. Figure 1.3
presents the GBFs and the possible technologies that can be used to conduct each of
them, identified through the discussions with sector experts.

Evidence from the FAT data suggests that most of the sampled firms tend to rely on
manual processes or basic digital technologies to perform these GBFs. Figure 1.4 provides
some descriptive statistics from the FAT data to better illustrate the GBF measures.

Bridging the Technological Divide
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FIGURE 1.4 Share of Firms Using Technologies Applied to Various General
Business Functions, All Countries
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(Figure continues on the following page.)
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FIGURE 1.4 Share of Firms Using Technologies Applied to Various General
Business Functions, All Countries (continued)
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: Estimates based on cross-country average weighted by sampling weights. The 11 countries covered are Bangladesh; Brazil (only
the state of Ceard); Burkina Faso; Ghana; India (only the states of Tamil Nadu and Uttar Pradesh); Kenya; Korea, Rep.; Malawi; Poland;
Senegal; and Vietnam. The extensive measure captures the array of technologies used by the firm. The intensive measure captures the
nature of the most used technology in the business function. Business administration includes accounting, finance, and human
resources. CRM = customer relationship management; ERP = enterprise resource planning.
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These are tasks for which digital technologies are prevalent, including the frontier
technology. Therefore, firms from any sector could potentially benefit from a digital
upgrade in these functions. Starting with business administration and production or
service operations planning, about 70 percent of firms use standard software, such as
Excel, but more than one-third of firms still rely mostly on handwritten methods. Panels
a and b of figure 1.4 present the average share of firms across countries using different
methods to perform tasks related to business administration processes and production
or service operations planning, at both the extensive margin (whether they use the tech-
nology at all) and intensive margin (whether the technology is the most frequently used
one to perform that particular task/business function). The results also show that less
than 1 percent of businesses rely mostly on mobile apps to perform these tasks, and less
than 9 percent rely mostly on ERP.

In the areas of marketing, sales, and payment, the adoption of more sophisticated
technologies is more prevalent for payment, but with a large gap between the exten-
sive and the intensive margins. These three business functions have in common the
fact that they involve interactions with actors (customers or suppliers) outside the
firm, with high potential for network economies in which products and services are
created and value is added through social networks operating on large or global
scales. Figure 1.4 shows that digital payments (e.g., online bank, online platform) are
widely diffused technologies among firms, but half of firms still rely mostly on cash
and 25 percent rely mostly on checks. For marketing, big data and artificial intelli-
gence (AI) are still very rare among firms. Only 2 percent use these technologies and
1 percent use them intensively. For quality control tasks, most firms still rely on man-
ual procedures as the most frequently used method.

Technology Use across Sector-Specific Business Functions

For the sector-specific technologies, a similar approach was used to identify key
business functions and associated technologies in 12 sectors of activity across agri-
culture, manufacturing, and services (agriculture, livestock, food processing, wear-
ing apparel, leather and footwear, motor vehicles, pharmaceuticals, wholesale and
retail, financial services, land transport services, accommodation, and health
services). An additional business function, fabrication, was also included for all
manufacturing sectors. The identification of key business functions and the fron-
tier in each sector required a significant interaction with several sector specialists.
These functions tend to be associated with sector-specific production processes.
Figure 1.5 exemplifies for agriculture, food-processing (manufacturing), and retail
(services) how the FAT survey unpacks sector-specific production or service provi-
sion activities into the main business functions and the technologies that can be
used to accomplish them." For more information on the business functions and
associated technologies for other sectors, see appendix A.
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FIGURE 1.5 Sector-Specific Business Functions and Technologies
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FIGURE1.5 Sector-Specific Business Functions and Technologies (continued)
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Source: Original figure based on the Firm-level Adoption of Technology (FAT) survey.

For sector-specific business functions, digital technologies tend to be embedded
in other technologies that are usually at the frontier. This is a common feature, par-
ticularly in agriculture and manufacturing, and has important implications in terms
of the costs of adoption and the importance of network effects. For example, among
methods commonly used by agricultural firms to perform harvesting (figure 1.5,
panel a), the most basic option is to harvest manually, followed by animal-aided
instruments; human-operated machines or a single tractor with one specific func-
tion (such as a single-axle tractor); a combined harvester (machines or tractors that
combine multiple functions fully operated by the worker); and a combined harvester
supported by digital technologies (such as a global positioning system [GPS] or com-
puting systems integrated with the tractor). Unlike for GBFs, the application of digi-
tal technologies for the sector-specific business function of harvesting requires other
sophisticated equipment or machines.

The different measures of technology used by firms are converted into indexes
of technology sophistication for comparability and analytical purposes. One
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important element of the data is the fact that most firms use more than one tech-
nology to perform similar tasks (such as handwritten processes, Excel, and special-
ized software for business administration) with different levels of intensity. The
next section describes how this information is converted into an index that is infor-
mative about the firm’s level of technology sophistication to perform each business
function. The sections that follow provide a short summary of the technology
indexes widely used in this volume.

The Technology Index

The FAT survey asks two types of questions about the technologies used to perform a
business function. The first type inquires about the use of each of the technologies listed
by the experts as relevant in a given business function (corresponding to whether or not
firms adopt technology). The answer to these questions characterizes the full array of
technologies that the firm uses. The second type of question gathers information about
which of the technologies used is employed more intensively (corresponding to “what”
and “how” firms use technology).'? The answer to this question is used to construct tech-
nology measures that reflect the nature of the main technology used in the business
function (the intensive measure) as opposed to the most sophisticated technology from
the array of technologies used in the business function (extensive measure).”* This
distinction is relevant because firms do not use all the technologies available to perform
a business function with the same intensity, and the impact of a technology on the firm’s
productivity may depend on the importance of the technology used most intensively.

To measure the technology gap of the most intensively used technology, the tech-
nologies are combined into an index capturing the technology sophistication for each
business function. The index varies between 1 and 5, where 1 stands for the most basic
level of technology and 5 reflects the most sophisticated.'* With the help of experts for
each industry, a rank was assigned to the technologies in each business function accord-
ing to their sophistication. The sophistication of a technology measures its complexity,
which corresponds to its capacity to conduct more tasks and/or tasks of greater diffi-
culty, or to perform them with greater accuracy or precision. Naturally, technology
sophistication tends to be correlated with the novelty of the technology.”® Figure 1.6
provides a simple example of the technology index for two functions: business admin-
istration (GBF); and storage for agriculture (SBF).' Box 1.1 presents an example of
applying the technology index to different sizes of firms (small and large) in a particu-
lar sector (food processing) in a particular country (Senegal).

These measures of technology provide a very rich description of the overall level
of sophistication of a firm, as well as the variation of technology sophistication
across functions. They can be aggregated at different levels for which the FAT data
are representative, such as country, subnational regions, sector of activity, firm size,
and firm formality status."”

A New Approach to Measure Technology Adoption by Firms
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FIGURE 1.6 An Example of the Technology Index
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Source: Qriginal figure based on the Firm-level Adoption of Technology (FAT) survey.
Note: Business administration includes accounting, finance, and human resources.

The Technology Index at the Firm Level: An Example from the Food-Processing
Sector in Senegal

The measure of technology sophistication developed for this volume can characterize the technology
landscape of firms with a high level of granularity. Figure B1.1.1 presents two spider charts that dis-
play the measures for each of the general business functions (GBFs) (panel a) and sector-specific
business functions (SBFs) (panel b) for the two firms in the food-processing sector in Senegal: a smalll
firm (Firm A), shown with the solid brown line; and a large firm (Firm B), shown with the dashed
orange line. In general, the large firm uses more sophisticated technologies than the small one, but
there is significant variation in the gap across different functions (Cirera et al. 2020). However, the
gap between the sophistication of technologies used in both companies varies considerably depend-
ing on the technology measure, the type of business function, and the specific business function
considered.

With the exception of cooking, for all other business functions Firm B has a level of technology
sophistication greater than or equal to Firm A. The average sophistication for Firm B across busi-
ness functions is 2.3 versus 1.4 for Firm A. Firm B has greater sophistication in both GBFs and
SBFs, though the gap in sophistication is slightly larger in SBFs (2.6 minus 1.7 = 0.9) than in GBFs
(2.0 minus 1.2 = 0.8). Beyond differences in average sophistication, there is significant variation in
sophistication across business functions within a firm. For example, the sophistication for both
firms is the same in business administration, planning, sourcing, and marketing, but Firm B has
greater sophistication in sales, payment, and quality control. For SBFs, the two firms have the

(Box continues on the following page.)
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The Technology Index at the Firm Level: An Example from the Food-Processing
Sector in Senegal (continued)

same sophistication in only one function: packaging. Firm B has greater sophistication in three of
the remaining functions and Firm A has greater sophistication in cooking. This suggests that there
is greater variation in sophistication within firms across SBFs than across GBFs. Similarly, figure
B1.1.1 also suggests that there is more variation within Firm B than within Firm A (1.8 versus 0.36).

FIGURE B1.1.1 Comparing Technology Sophistication of a Large and a Small
Firm in the Food-Processing Sector

a. General business function, INT
Business administration

Quality control Planning

Payment

Sales Marketing

b.Sector-specific business function, INT
Input testing

Food storage Cooking
3
4
: 5 . :
Packaging Antibacterial
processes
= Firm A (small) Firm B (large)

Source: Cirera et al. 2020.

Note: Firm A (the small firm) has 16 workers. Firm B (the large firm) has 300 workers. INT = an index reflecting the sophistication
of the most widely used technology in a business function. The higher the index, the greater the sophistication.
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The Data Used in This Volume

This volume relies mostly on primary firm-level data from representative samples from
11 countries. The data were collected from 2019, before the COVID-19 pandemic, to
2021, in the midst of the pandemic. Table 1.1 shows the number of establishments
interviewed, which totaled more than 13,000 and represent around 1.3 million estab-
lishments." The Bangladesh data only include manufacturing, and the India and
Malawi data exclude agriculture. The survey was stratified by firm size (small, medium,
and large), sectors, and regions within countries. Because of stratification, the shares of
firms in agriculture and manufacturing are proportionately large relative to services,
compared to the distribution in the universe of firms. Particularly in the case of manu-
facturing, this improves the statistical power of the analysis. In the case of Senegal,
informal firms are also included given that they are available in the sampling frame of
Senegal’s national statistical office. In this case, the survey was also stratified by formal
and informal firms, which allows the team to measure the technology gap between
formal and informal firms in the country. For the remaining countries, the data are
representative of the formal sector only. Thus, in the case of countries where the share
of informality is high among firms with 5 or more workers, especially in African coun-
tries, the analysis may overestimate the technology sophistication of the average firm,
by excluding informal ones."

TABLE 1.1 Number of Establishments Surveyed, by Sector and Firm Size

Sector Firm size
Country Total Agriculture Manufacturing Services Small Medium Large
Bangladesh 903 — 903 — 361 232 310
Brazil® Akl 72 387 252 205 322 184
Burkina Faso 600 80 140 380 335 187 78
Ghana 1,262 85 275 902 774 382 106
India® 1,519 — 791 728 629 598 292
Kenya 1,305 155 335 815 499 a7 385
Korea, Rep. 1,551 129 652 770 656 569 326
Malawi 482 — 137 345 284 122 76
Poland 1,500 90 607 803 779 394 327
Senegal 1,786 204 679 903 1,219 395 172
Vietnam 1,499 110 806 583 774 426 299
Total 13,118 925 5712 6,481 6,515 4,048 2,555

Source: Qriginal table based on Firm-level Adoption of Technology (FAT) survey data.

Note: Firm size refers to the number of workers: small (5-19), medium (20-99), and large (100 or more). — = not available.
a. The Brazil sample covers only the state of Ceard.

b. The India sample covers only the states of Tamil Nadu and Uttar Pradesh.
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To ensure comparability, the team implemented a standardized data collection
protocol across all countries. Data collectors included national statistical agencies in
Malawi, Poland, and Vietnam; public-private institutions such as the State Industry
Association (FIEC) in Ceard, Brazil; and specialized data collection firms in the
remaining countries, with the sampling frame provided by national statistical offices.
The same protocols were followed, as specified in a standard terms of reference for
implementation. For each country, each survey item was professionally translated
from English to the local language and back again, with interactions and revisions
from World Bank team members who are fluent or native speakers in the local lan-
guage.”’ The FAT data were collected through both face-to-face interviews and by
telephone. The analyses presented in this book are performed using sampling weights.
When computing cross-country analysis, the weights were rescaled so that all coun-
tries are equally weighted. See appendix A for more details about the FAT data and the
weights used.

The richness of these data sets, over the period of 2019-21, offers a unique perspec-
tive to explore new questions and provide new evidence on the adoption and use of
technology by firms. The next section uses the FAT data to illustrate the importance of
granular measures of technologies used by firms to explain why some of the standard
measures of technology provide a limited perspective.

Using the FAT Data to Understand Some of the Limitations of
Standard Measures of Technology

In addition to measuring technologies at the business function level, the FAT survey
also provides standard measures of GPTs. These measures include access to and qual-
ity of electricity, and use of ICT (such as mobile phones, computers, and the inter-
net), as well as advanced digital technologies (such as cloud computing, robots, big
data, and AI). These measures also provide an overall perspective on access to infra-
structure and the conditions that enable technology use. Thus, before going into the
specifics of technologies linked with business functions, the next section provides a
general perspective on where firms in developing countries stand with respect to the
adoption of technologies that are usually associated with different stages of indus-
trial revolution. The section also explains the reason why these measures provide a
limited perspective of the level of technology sophistication of firms, and the impor-
tance of linking the use of technologies to specific functions within a firm, as pro-
posed by the FAT survey.

The Incomplete Transition from Industry 2.0 to Industry 4.0 in Developing
Countries

Different stages of technological transitions, popularly defined as Industry 2.0, 3.0, and
4.0, are associated with the diffusion of disruptive GPTs. Industry 2.0 encompasses the
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diffusion of technologies powered by electricity, which are technologies from the 1880s.
Industry 3.0 refers to the ICT revolution, including the use of mobile phones, comput-
ers, and the internet. These technologies became available over the 1970-80 period.*!
Industry 4.0 refers to technologies that in most cases have some digital component, but
a higher level of autonomy, connection, and integration of information across different
devices and machines to perform tasks. Among the GPTs usually associated with
Industry 4.0 are the Internet of Things, big data analytics, Al, 3D printing, advanced
robotics, and cloud computing.*

Standard measures of GPTs can only partially identify and explain where firms
stand in the use of technologies associated with each technological transition. The
adoption of Industry 2.0 technologies is incomplete in some firms in developing coun-
tries, which in some cases use manual processes. Access to the internet is wider, but
adoption of Industry 3.0 technologies is partial. Most firms are very far from using
Industry 4.0 technologies (figure 1.7). In addition to serving as technologies them-
selves, GPTs act as infrastructure for the development of applied technologies.

Access to GPTs is not the only factor that matters for adoption of these applied tech-
nologies: quality is also very important. For example, although most firms in develop-
ing countries have access to electricity, quality, measured by the small share of firms
that do not experience outages, is often poor (panel a). These shortages occur for all
types of firms. Also, there is a clear gap in how firms respond to this low quality of
infrastructure access. Large firms are much more likely to have a generator to minimize
electricity shortages (panel a). This difference in the response to low-quality electricity
creates differences in technology use that limit, for example, the possibility of leapfrog-
ging—skipping over a less sophisticated level of technology to use a more sophisticated
one. Leapfrogging will be discussed in chapter 3.

Similarly, for Industry 3.0 technologies, even if access is widespread, adoption and
use of particular technologies differ (panel b). There are not large gaps in access to
mobile phones by large, medium, or small firms in developing countries. The pattern is
different for computers and the internet, which almost all large firms use, while less
than 75 percent of small firms do. Despite widespread access, quality differs across
firms, but as shown in the next section, even with the same quality of access, firms dif-
fer greatly in their use and adoption of applied technologies. In the case of Industry
4.0 technologies (panel c), a very small share of firms uses these technologies. The
exception is cloud computing, for which there is also a clear gap across firm size.

The incomplete technological transitions across countries are not fully captured by
standard measures of technology adopted by firms. The simultaneous rapid spread of
ICT general-purpose technologies alongside the persistence of a large share of firms still
struggling to gain basic access to reliable electricity is one of the many paradoxes of tech-
nology in developing countries. First, it shows the power and the limits of technology
disruptions associated with the digital revolution.”® Second, there is large variation in
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FIGURE 1.7 Firms Vary Widely in the Status of Their Adoption of General-Purpose

Technologies
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Source: Original figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: The data cover 11 countries: Bangladesh; Brazil (only the state of Ceard); Burkina Faso; Ghana; India (only the states of Tamil
Nadu and Uttar Pradesh); Kenya; Korea, Rep.; Malawi; Poland; Senegal; and Vietnam. Firm size refers to the number of workers: small
(5-19), medium (20-99), and large (100 or more). Estimates are weighted by sampling weights.
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terms of the quality of supply and potential for network economies across different uses
of digital technologies. Thus, while the focus of the media and policy makers is on the
latest technological transition (or industrial revolution), many firms, particularly in
developing countries, have yet to complete previous transitions. This is partly due to the
quality of the infrastructure underlying these technologies, but also partly due to other
factors to be discussed next. But one clear lesson is that these technology differences are
not visible using standard measures of access to GPTs.

How Are Firms Actually Using Computers and the Internet and for What
Purposes?

Measuring the adoption of GPTs to characterize the degree of technology sophistica-
tion of a firm can be misleading without identifying the purpose for and intensity of a
firm’s use of those technologies. Beyond the problems with accessing reliable infra-
structure—which could facilitate the adoption of applied technologies—for a given
level of adoption of a given digital technology, the sophistication of use varies widely
among firms.

A simple example is provided by comparing the technologies used by firms to
perform business administration tasks, conditional on having computers and the
internet. Figure 1.8 shows the share of firms using different levels of technology on
both the extensive margin (whether they use it or not) and the intensive margin
(which technology they use most intensively) to perform business administration
tasks related to accounting, finance, and human resources, conditional on having
computers and/or the internet. Most of those firms use standard software (such as
Excel) to perform this task (extensive margin). This is also the technology used most
frequently by those firms (intensive margin). But about 21 percent of firms rely on
specialized software, while 11 percent use enterprise resource planning (ERP). There
are significant differences in terms of technology sophistication between processing
data manually, using standard Excel software, and utilizing ERP in terms of the
capabilities to perform tasks, the efficiency gains of the processes, and the outputs
produced. But there are also important differences in terms of just using a technol-
ogy (the extensive margin) or using it intensively as the most used technology
(intensive margin).

The results presented by the first two sets of bars (use of handwritten methods or
standard software) in figure 1.8 describe another anomaly of adoption when looking
merely at adoption of GPTs. Why do approximately one-fifth of firms (with 5 or more
workers) still rely mostly on handwritten methods despite the fact that those firms have
access to computers or the internet? Although the indicators, such as access to computers
and the internet, used in traditional surveys provide a general picture on the adoption of
a few GPTs, they fail to provide information on what technologies firms are effectively
using to perform different tasks and functions, as shown in figure 1.8. This is a critical
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FIGURE 1.8 Among Firms with Access to Computers and the Internet, a Large Share

Relies Mostly on Less Sophisticated Methods to Conduct Business
Functions
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: This figure presents firm-level data from eight countries (Bangladesh; Brazil [only the state of Ceard]; Ghana; India [only the
states of Tamil Nadu and Uttar Pradesh]; Kenya; Korea, Rep.; Senegal; and Vietnam) on general business functions conditional on
having computers and the internet. Business administration processes are those related to accounting, finance, and human resources.
The extensive measure captures the array of technologies used by the firm. The intensive measure captures the nature of the most
used technology in the business function. ERP = enterprise resource planning.

element because firms can use the internet in many different ways, ranging from using
email for a few marketing activities to having fully digitalized and integrated manage-
ment processes. Understanding this range of applications is essential to learn about firm
performance, given that different uses result in very differentiated effects on productivity
and profits. But traditional measures of ICT are not well suited to measure the granular-
ity needed to explain firms’ adoption and use of specific technologies.
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Summing Up

This chapter puts forward a new framework to measure technology adoption. The
framework has four core principles. First, the firm is at the center of the analysis.
Second, it is grounded at the business function and task level. Third, it includes all
technologies that can be used for a given business function. Fourth, it measures what
kinds of technologies firms use and which technology they use more intensively. This
new approach is necessary to measure the multiple dimensions of technology from the
perspective of the firm. The scope and granularity of the framework can help research-
ers and policy makers thoroughly understand the process of technology adoption and
use, including existing heterogeneity in patterns of adoption; differences between sec-
tors; the impact on firm performance; and the main barriers to and drivers of technol-
ogy adoption and use.

To illustrate the benefits of this framework and the data collected for this volume
compared to standard GPT measures, this chapter provides an example in a context of
industrial revolutions. The FAT data show that many firms in developing countries are
still struggling with an incomplete transition from Industry 2.0 to Industry 3.0.
Moreover, despite having computers and the internet, many firms still rely on
handwritten methods to conduct business functions that could benefit from digital
technologies. The granular information obtained through the FAT survey approach is
critical to describe the reality of firms in both developed and developing countries.
More important, the granularity of the data yielded by the survey and analysis is needed
to design more targeted and effective policies that aim to increase technology adoption
and use by firms. The chapters that follow use the data collected from the FAT survey
to shed some light on all these issues.

Notes

1. See Mansfield (1961); Krueger (1993); Foster and Rosenzweig (1995); DiNardo and Pischke
(1997); Bartel, Ichniowski, and Shaw (2007); Duflo, Kremer, and Robinson (2011); Atkin,
Khandelwal, and Osman (2017); and Juhdsz, Squicciarini, and Voigtlander (2020).

2. The Cross-country Historical Adoption of Technology (CHAT) data set provides aggregated mea-
sures of adoption of more than 100 GPTs across more than 150 countries since 1800 (Comin and
Mestieri 2018). The data set defines technologies as a group of production methods that are used
to produce an intermediate good or service. It covers major technologies related to transportation,
telecommunications, information technology (IT), health care, steel production, and electricity.

3. See, for example, Ryan and Gross (1943); Griliches (1957); Foster and Rosenzweig (1996); Suri
(2011); Bustos, Caprettini, and Ponticelli (2016); and Gupta, Ponticelli, and Tesei (2020).

4. See, for example, Comin (2000); Jorgenson, Ho, and Stiroh (2005, 2008); Oliner, Sichel, and
Stiroh (2007); and Van Ark, O’Mahoney, and Timmer (2008).

5. Examples of these studies vary from identifying the positive effects of adopting computer numer-
ically controlled (CNC) machines and computer-aided design (CAD) software in the productiv-
ity of valve manufacturing (Bartel, Ichniowski, and Shaw 2007) to measuring the presence of CT
scanners in hospitals (Trajtenberg 1990) to the impact of adopting onboard computers in trucks
(Hubbard 2003).
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10.

11.

12.

13.

14.

15.

16.

17.
18.

Other examples of studies measuring the presence of some ICTs such as computers or access to
the internet include Brynjolfsson and Hitt (2000); Stiroh (2002); Bresnahan, Brynjolfsson, and
Hitt (2002); and Akerman, Gaarder, and Mogstad (2015).

Innovation surveys are widely available in many countries, but they usually do not provide informa-
tion about how far a given firm is from the technology frontier. The questions are usually relative (for
example, innovation in terms of process or product with respect to the local, national, or international
market). Patent data identify some relevant aspects of the dynamics on the technology frontier, but
most of them do not apply to an average firm in developing countries or advanced economies.

One exception is Mansfield (1963), and the papers that have followed this study, which examine
the diffusion of a technology within a company, providing a proxy for the intensity with which
the technology is used.

The survey is designed, implemented, and weighted at the establishment level. For multi-
establishment firms, the survey targets the establishment randomly selected in the sample.

The external experts in agriculture and livestock were agricultural engineers and researchers from
Brazil’s Embrapa (Empresa Brasileira de Pesquisa Agropecudria, Brazilian Agricultural Research
Corporation). For food processing, wearing apparel, motor vehicles, pharmaceuticals, transport,
finance, and retail, as well as for the GBFs, the team relied on senior external consultants selected by
a large management consulting organization. For health services, the team relied on consultants and
physicians with practical experience in developing countries and advanced economies.

Appendix A provides more details on business functions and technologies covered by the other
sector-specific variables.

In the pre-pilot stage, the team experimented with an alternative survey design that asked
about the fraction of time/output/processes that were conducted with each of the technolo-
gies in the business function. However, this approach was harder to implement and con-
tained larger errors because respondents found it difficult to answer precisely, and the more
subjective interpretation made it harder to compare answers across business functions and
companies.

The technology indexes are defined as:
_ AEXT
EXT,  =1+4x7/"
_ AINT
INT,  =1+4x7}"

EXT,, is the most advanced technology (extensive margin) used in a business function fwithin a
firm j. INT is the index for most widely used technology (intensive margin). ff is a relative rank

T
of technology defined as 2 Where r,is a rank of technology and R is the maximum rank in a
f-1
business function.
Cirera et al. (2020) provide a detailed discussion and several robustness checks on the rationale
and consistency of using a cardinal measure of technology based on an ordinal ranking.

The construction of technology sophistication rankings predated the administration of the survey
and was not influenced by attributes (such as productivity) of firms that use a given technology.

Cirera et al. (2020) also develop a technology sophistication index to measure adoption at
the extensive margin. Appendix A provides more details about this alternative index (EXT).
This index is used in chapter 6 to provide more heterogeneity when discussing key barriers of
adoption.

For example, in Senegal the sample is also representative for formal and informal firms.

The survey covers a universe of 1.3 million establishments with the following distribution
across countries: Bangladesh (15,358); Brazil’s state of Ceard (23,364); Burkina Faso (57,328);
Ghana (42,165); India’s states of Tamil Nadu and Uttar Pradesh (92,061); Kenya (74,255); Korea
(545,515); Malawi (2,123); Poland (244,983); Senegal (9,583); and Vietnam (179,713).
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19. To control for some of the differences in samples, stratification, and economic structure when
comparing countries in the sample, dummies for sector, firm size, and formality are used to
calculate correlations and different cross-country estimates.

20. Cirera et al. (2020) describe the design features implemented to minimize measurement bias and
errors.

21. Comin and Mestieri (2018) present the reference year of invention for these technologies:
electricity (1882); personal computers (PCs) (1973); cell phones (1973); and the internet (1983).

22. Hallward-Driemeier and Nayyar (2017) provide further discussions on the emergence of Industry
4.0. Although some of these technologies, such as Al, have been available since the 1960s, they
have been increasingly available in recent years.

23. While almost all firms use mobile phones, clearly benefiting from an extraordinary process of
leapfrogging, only a small share has reported no outages in electricity. There is a large gap in
access to generators, particularly for small firms.
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2. Facts about Technology Adoption
and Use in Developing Countries

Introduction

This chapter presents some stylized facts that have emerged from the Firm-level
Adoption of Technology (FAT) survey data in relation to the adoption and use of tech-
nology by firms. The data provide granular information for developing and high-
income countries to address some previously unexplored questions about the size of
the technology gaps between business functions, firms, sectors, regions, and countries.’
To this end, the technology index described in the previous chapter is used to charac-
terize the level of technology sophistication across and within firms.

Specifically, this chapter addresses the following questions:

s How far from the technology frontier are the average firms in developing
countries?

= What is the association between the average level of technology sophistication of
firms and the productivity of the regions where they are located?

= How does the technology gap vary across countries, regions, sectors, firms, and
business functions?

= Based on the patterns of adoption by firms, what do the data reveal about tech-
nology leapfrogging—jumping stages in the process of technology convergence,
such as from manual to advanced digital technologies?

= Are firms aware about their technology gap?

To address these questions, this chapter presents 10 stylized facts related to com-
parisons across countries, regions, sectors, firms, and business functions within firms.
Among the most novel findings are the large variations in the sophistication of tech-
nologies at all levels of aggregation (from countries to sectors to firms); the more micro
the unit of analysis—from country to business function within the firm—the larger the
variance in sophistication. Moreover, not only is the average technology sophistication
positively correlated with productivity, but so is the dispersion of technology sophisti-
cation across countries, firms, and business functions within a firm.

In line with a rich firm-level literature (see Syverson 2014), the analysis reveals con-
siderable heterogeneity across and within firms regarding the adoption and use of tech-
nology. It also demonstrates that this heterogeneity matters for performance. This
implies that firms have different incentives to upgrade different technologies.
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Accordingly, policy support should consider that upgrading different technologies may
require different approaches and face different barriers.

Cross-Country Technology Facts
Fact 1. Most firms are far from the technology frontier.

Most firms, especially in developing countries, are far from the technology frontier. Figure
2.1 presents the estimated country average of technology sophistication in manufacturing
firms. First, the figure shows that the average firm (orange dot) in each country is far from
the frontier (starting in the shaded area).? Second, using the top (20 percent) manufactur-
ing firms in the Republic of Korea and Poland as a benchmark to the frontier, most firms in
developing countries, including their best firms (brown dot), are far from the frontier.” The
country rankings based on average technology sophistication tend to coincide with country
income levels. The results also show a gap between formal and informal firms in Senegal.

Agricultural and services firms are also far from the technology frontier
(figure 2.2). There are important peculiarities about those sectors. In agriculture

FIGURE 2.1 Estimated Technology Sophistication, by Country: Manufacturing
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Source: Original figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: The figure plots for each country the average level of technology sophistication of the firm across all business functions
(ABF), including general business functions (GBFs) and sector-specific business functions (SBFs). Results are based on ordinary
least squares (OLS) estimation using sampling weights and controlling for sector, country, formality, firm size group, and age group.
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FIGURE2.2 Estimated Technology Sophistication, by Country: Agriculture and Services
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Source: Original figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: The figure plots for each country the average business function, which reflects the average level of technology sophistication of the firm
across all business functions, including general business functions (GBFs) and sector-specific business functions (SBFs). Results are based on
ordinary least squares (OLS) estimation using sampling weights and controlling for sector, country, formality, firm size group, and age group.
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(panel a), top firms in Brazil and Kenya tend to be relatively closer to top firms in
Korea and Poland, compared to manufacturing. This suggests that in some devel-
oping countries where agricultural exports are important, agricultural firms are
relatively closer to the frontier than in manufacturing. But as the discussion in
chapter 4 will clarify, there is still a large gap in agricultural firms in developing
countries driven by many informal and less capable firms, which still absorb many
workers with low levels of productivity. The pattern for services is different
(panel b): it is similar to agriculture and less correlated to a country’s income per
capita. This is partially explained by the rapid diffusion of certain technologies,
usually related to general business functions (GBFs) (such as digital payment sys-
tems) in some countries. Yet, as discussed in chapter 3 and as highlighted in the
fifth volume in the World Bank Productivity Project series (Nayyar, Hallward-
Driemeier, and Davies 2021), despite the relevance of digital technologies for pro-
viding economic opportunities for services in developing countries, there is
significant heterogeneity in adoption across services activities. Another important
aspect is the fact that these measures do not capture differences in the number of
firms (see fact 3), nor are they weighted by the number of workers they employ,
which has implications for the per capita GDP ranking.

Fact 2. More productive regions are closer to the technology frontier.

The strong positive association between the variation of technology sophistication
and labor productivity is observed not only across countries but also across regions
within countries. Figure 2.3 presents a scatterplot of the regional measures of tech-
nology sophistication against regional productivity as the weighted average of
firm-level variables for 44 subnational regions across 10 countries.* The correla-
tion between these two variables is 0.87, confirming the cross-country association
highlighted earlier.” There is also a strong positive correlation between technology
sophistication and productivity at the firm level, unconditional or conditional on
several firm characteristics (as will be discussed in chapter 4). The significant vari-
ation associated with technology and productivity across regions is also described
in the sixth volume of the World Bank Productivity Project series (Grover, Lall, and
Maloney 2022) when analyzing the several complementary factors driving the gap
in laggard regions.

Fact 3. Advanced economies have many more sophisticated firms.

Why is the technology gap between the average firm in Korea and the other coun-
tries not as large as the gap in per capita income? The technology gap across coun-
tries (and regions) is driven not only by the sophistication of average firms, but also
by the density (quantity of those firms per capita). There is a large difference
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FIGURE 2.3 There Is a Strong Correlation between the Technology Sophistication of
a Region and Regional Productivity
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data, following Cirera et al. 2020a.

Note: The regional average of technology sophistication by business function (ABF) is plotted on the y-axis. The regional productivity
is plotted on the x-axis. The regional productivity is measured as the average value added per worker based on a representative sample
of the FAT data for each region, using sampling weights. Countries are as follows: Bangladesh (BD); Brazil (BR); Burkina Faso (BF);
Ghana (GH); India (IN); Kenya (KE); Korea, Rep. (KR); Malawi (MW); Senegal (SN); and Vietnam (VT). The eight regions sampled in
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between the number of formal firms across countries. Comparing Korea and Kenya,
countries with similar populations (around 50 million), not only is the average firm
in Korea closer to the technology frontier but there are also many more of those
firms (with 5 or more workers) absorbing many more workers (see box 2.1). The
number of firms in Korea in the top 20 percent in terms of technology sophistica-
tion is almost double the full number of formal firms with 5 or more workers in
Kenya in the FAT sample. Figure 2.4 shows that the gap between Vietnam, Kenya,
and Senegal with respect to Korea is explained not only by the average sophistica-
tion (vertical axis), but also by having many more firms with those technologies
(circle size), and more workers absorbed by those firms (horizontal axis).® This
highlights the importance of more capable entrepreneurs who are able to enter
developing countries’ markets, grow, and absorb the knowledge created elsewhere
(see the third volume in the World Bank Productivity Project series, Grover
Goswami, Medvedev, and Olafsen 2019).”

Facts about Technology Adoption and Use in Developing Countries

51



FIGURE 2.4 Cross-Country Differences in Technology Are Also Explained by the
Number of Firms Using Sophisticated Technology
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: Technology index estimates at the firm level across all business functions. Results are based on ordinary least squares (OLS)
estimation controlling for sector, country, formality, firm size group, age group, and using sampling weights (vertical axis), number of
workers (horizontal axis), and number of firms (size of the bubble). All estimations are based on sampling weights. For Senegal, the
total number of workers is adjusted based on the latest establishment census to cover firms from all regions.

The Large Gap in Technology Sophistication between Formal and
Informal Firms

Is the difference between the Republic of Korea and Kenya in the number of firms with 5 or more
workers explained by the informal nature of firms (informality)? The literature has documented
that the share of firms not reported as formal establishments in developing countries tends to be
more prevalent among micro firms (those with less than 5 workers), but informal firms are still
present among firms with 5 or more workers, as suggested by the Firm-level Adoption of Technology
(FAT) survey results for Senegal (see figure 2.4). The implication for some other countries in the
sample—especially in Africa, where informality is more prevalent—is that if the informal sector
were taken into account, the average technology sophistication would be reduced, increasing the
average distance to the frontier. Malawi, for example, has about half the number of formal firms
observed in Senegal, despite having a larger population, and thus has a higher incidence of
informality.

Estimates from Senegal help explain the implications of informality on the differences in the
number of firms, the aggregated distance from the frontier, and workers” access to sophisticated
technologies through firms. On a plot like that shown in figure 2.4, including informal firms
increases the size of the circle (by adding more firms), but moves the circle down (farther away
from the frontier) and to the right (adding more workers). Figure B2.1.1 shows that average

(Box continues on the following page.)
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The Large Gap in Technology Sophistication between Formal and
Informal Firms (continued)

FIGURE B2.1.1 Technology Sophistication Is Significantly Greater among
Formal Firms in Senegal
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Source: Original figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: Technology index estimates based on weighted sample controlling for sector, country, formality, firm size group, and
age group. ANSD refers to the stricter definition of formality by Senegal’s National Agency of Statistics and Demography
(ANSD).

technology sophistication for formal firms—controlling for sector, firm size group, firm age group,
and region—is significantly greater than for informal firms. Although the number of firms will
increase, informal firms tend to be smaller (because informality tends to be unlikely among larger
firms), limiting the shift to the right. Moreover, the definition of “formality” can also vary across
countries. To be considered formal by Senegal’s National Agency of Statistics and Demography
(ANSD), for instance, a firm must not only be registered but also must have a standard accounting
system. Results show that this stricter definition of formality would reduce the number of firms in
this group, introducing more bias—uwith respect to the average firm—toward higher technology
sophistication.

It is important to highlight that while informality contributes significantly to the large
technology gap across countries, a gap would still persist if all informal firms were formal-
ized and were able to achieve the level of sophistication of formal firms. This is illustrated by
the technology gaps between frontier firms in Korea and Poland with the most sophisticated
firms in Senegal.

Facts about Technology Adoption and Use in Developing Countries

53



54

Cross-Firm Technology Facts
Fact 4. Technology sophistication varies across business functions.

Firms are closer to the technology frontier in some business functions than in others.
Figure 2.5 compares the average technology sophistication in seven general business
functions (GBFs)—business administration (accounting, finance, and human
resources); production or service operations planning; sourcing, procurement, and
supply chain management; marketing and product development; sales; payment meth-
ods; and quality control—across top firms (those in the 90th percentile, p90) with the
average across all firms (mean) and the median firms (50th percentile, p50), as well as
with firms in the bottom 10th percentile (p10) of technology sophistication. While, on
average, firms in the 90th percentile have higher scores than those in the 10th percen-
tile, there is great variation in proximity to the frontier across functions. Top firms tend
to score well on business administration, but poorly on quality control. The gap
between firms in the 90th and 10th percentiles is also larger in business administration
than in other GBFs. An important characteristic of some of these functions (such as
sourcing, marketing, sales, and payment) is that the intensive use of some of these tech-
nologies often also requires their adoption by customers and suppliers through
network effects, which may explain the distance from the frontier even among top

FIGURE 2.5 The Level of Technology Sophistication for General Business Functions
Varies Greatly
Intensive margin

Business administration

Quality control Planning
Payment Sourcing
3
4
5

Sales Marketing
= Mean p90 == p50 p10

Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: The figure covers all 11 countries in the sample. The intensive margin refers to the most frequently used technology to perform
that particular task/business function. p30, p50, and p10 refer to the 90th, 50th, and 10th percentiles of firms, respectively. The mean
is the average across all firms using sampling weights.
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firms. Many of these firms are using more sophisticated technologies in those func-
tions, but not as the most intensively used technology.

These patterns of heterogeneity in sophistication at the business level are also repli-
cated at the country level. First, the average sophistication level varies significantly
across business functions within each country. Second, differences across countries in
the use of technologies for particular business functions are not maintained. For exam-
ple, while there is a large gap in the technologies used more intensively for business
administration or planning across countries, the differences are very narrow for pay-
ment systems or quality control, where low adoption is common across countries
regardless of income. Technology gaps across countries vary depending on the business
function and level of aggregation.

Fact 5. Larger firms use more sophisticated technologies, but this scale effect
varies across technologies.

The adoption and use of more sophisticated technologies are positively correlated with
the size of the firm. Figure 2.6 shows the average level of technology sophistication for
both general and sector-specific business functions (SBFs) by size groups for firms,
defined as small (5 to 19 workers), medium (20 to 99 workers), and large (100 or more
workers). Larger firms tend to use more sophisticated technologies, on average, for
GBFs and SBFs, as well as ABF (all business functions), which takes a simple average of
the index across all business functions.

There is, however, significant variation for different types of technologies and busi-
ness functions. Figure 2.7 shows the estimated probability of adopting particular

FIGURE 2.6 Technology Sophistication Varies across Firm Size

a. All business functions b. General business function ¢. Sector-specific business function
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: The figure covers all 11 countries in the sample. Marginal effect estimates based on weighted sample controlling for sector,
country, formality, firm size group, and firm age group. Firm size refers to the number of workers: small (5-19), medium (20-99), and
large (100 or more).
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FIGURE 2.7 The Likelihood of Adopting Frontier Technologies for General Business
Functions Varies across Firm Size
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: Estimated probability of technology adoption using sampling weights and controlling for country, firm size, and sector. Firm size
refers to the number of workers: small (5-19), medium (20-99), and large (100 or more).

technologies that are in the frontier across different GBFs by firm size groups.
Sophisticated digital technologies for GBFs include enterprise resource planning
(ERP); sourcing, procurement, and supplier relationship management (SRM); cus-
tomer relationship management (CRM); use of online sales through digital platforms
or a firm’s own website (online commerce); use of online payment through platform or
commercial banks (online payment); and use of statistical software or automated sys-
tems for quality control (automated quality control). The comparison of the likelihood
of using these advanced technologies—in the frontier of different GBFs—across size
groups of firms shows that the gap between small and large firms regarding the adop-
tion of these technologies varies significantly. For example, the gap between small and
large firms is much wider for ERP than for e-payment.

This variation is also present, and even more pronounced, across sector-specific
functions. Figure 2.8 shows the estimated probability of adoption by size groups for
particular technologies that are in the frontier across sector-specific business functions in
agriculture (irrigation, harvesting, storage); manufacturing/food processing (input
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FIGURE 2.8 The Likelihood of Adopting Frontier Technologies for Sector-Specific
Business Functions Varies across Firm Size
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: Estimated probability of technology adoption using sampling weights and controlling for country, firm size, and sector. Firm size
refers to the number of workers: small (5-19), medium (20-99), and large (100 or more).

testing, cooking, packaging); and services/retail (merchandising, inventory, advertising).
The gap between small and large firms in the likelihood of adopting frontier technologies
in the functions related to food processing is larger than in agriculture and services.

Fact 6. The largest technology gaps occur within countries, not between
countries.

Underlying the significant differences in the average technology sophistication across
countries, regions, sectors, and firm size lies a large variation of sophistication
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across firms. A key advantage of a firm-level data set such as FAT is that it allows
researchers and practitioners to go beyond country or regional comparisons of aver-
age technology sophistication by characterizing the entire distribution of technology
sophistication across firms. Figure 2.9 plots the kernel density of the distribution of
the firm-level technology sophistication for Burkina Faso, Korea, and Vietnam. Visual
inspection of the densities suggests the possibility of consistent rank orderings (first-
order stochastic dominance), which suggests that for any point of the cumulative dis-
tribution of technology across firms in each country, firms in Korea tend to be more
or at least as sophisticated as firms in Vietnam, which tend to be more or at least as
sophisticated as firms in Burkina Faso.?

In addition, the within-country variance in technology sophistication is larger than
the between-country variation. Cirera et al. (2020b) conduct a variance-covariance
decomposition to measure the magnitude of the dispersion of firm-level technology
sophistication within and between countries. They find that there is significant disper-
sion in technology across firms within each country, which is consistent with large
cross-firm dispersion in management practices, as highlighted by Bloom and Van
Reenen (2007). The findings suggest that cross-firm differences in technology

FIGURE 2.9 Rank Orderings of the Distribution of Technology Sophistication Are
Consistent across Select Countries
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: Average technology index (intensive) reflects the average sophistication of the technology most frequently used to perform all
business functions performed by the firm using sampling weights.
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sophistication are larger than cross-country differences, regardless of the technology
measures considered and whether the focus is on general, sector-specific, or all business
functions. The implication of this finding is that contrary to some popular beliefs that
tend to associate technology gaps with cross-country differences, the largest technology
gaps occur within countries.

Fact 7. More productive regions have more dispersion in regional technology
sophistication.

There is also a strong correlation between cross-firm variance and regional productiv-
ity levels. Figure 2.10 plots the cross-firm variance in technology sophistication in each
subnational region against the regional productivity level. The figure confirms the pos-
itive association between the two variables (with a correlation of 0.68). More-developed

FIGURE 2.10 Most Productive Countries and Regions Have Firms That Use More
Sophisticated Technologies on Average
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data, following Cirera et al. 2020a.

Note: The regional-level cross-firm variance of technology sophistication for all business functions (ABF) is on the y-axis. The regional
productivity is on the x-axis. The regional productivity is measured as the average value added per worker based on a representative
sample of the FAT data for each region using sampling weights. Countries are as follows: Bangladesh (BD); Brazil (BR); Burkina Faso
(BF); Ghana (GH); India (IN); Kenya (KE); Korea, Rep. (KR); Malawi (MW); Senegal (SN); and Vietnam (VT). The eight regions sampled in
Vietnam (VT) are: Region 1 (Bac Ninh, Hai Phong, Ninh Binh); Region 2 (Bac Giang, Thai Nguyén); Region 3 (Binh Binh, Ha Tinh, Thanh
Hod); Region 4 (Kon Tum, L&m Bdng); Region 5 (Binh Duong, Bong Nai); Region 6 (Long An, Vinh Long); Region 7 (Ha Néi); and Region
8 (Ho Chi Minh City).
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regions tend to have more dispersion of technology, with some firms closer to the fron-
tier and others lagging.’ Intuitively, these results suggest that all countries and regions
have firms with low levels of technology sophistication on average, but most produc-
tive countries and regions also have firms that adopt and intensively use more sophis-
ticated technologies.

Other Technology Facts

Fact 8. There is a large variation in technology sophistication within firms, and it
is positively associated with regional productivity.

There is a larger variation in technology sophistication within firms than across firms.
The findings from Cirera et al. (2020a) suggest that firms that are relatively closer to the
frontier on average use more sophisticated technologies for some functions but not for
others. Cirera et al. (2020a) explore this topic in more detail with data from Brazil,
Senegal, and Vietnam. The analysis shows that the paths of technology upgrading are
different across business functions, reflecting the existence of heterogeneous costs and
benefits of the different available technologies. Moreover, the study shows a positive
relationship between within-firm variance and productivity across countries and
regions. Figure 2.11 plots the average within-firm variance in each of the 44 regions
against the log of regional productivity. The figure reveals a strong positive correlation
between both variables (0.76).'°

Fact 9. Leapfrogging a technology in a business function is rare.

Technology upgrading by firms is mostly a continuous process. The technology
disruption caused by the diffusion of mobile phones is a prominent example fre-
quently used to illustrate the process of leapfrogging." The first mobile phone call was
made in the early 1970s, but it was not until the 2000s that the technology started to
diffuse rapidly across middle- and lower-middle-income countries, disrupting the
diffusion of fixed-line telephones (figure 2.12). Low-income countries jumped directly
to the new technology. The successful case of telecommunications shows the potential
for developing countries to benefit from leapfrogging, especially with digital
technologies.

Using large firms as a proxy for early adopters of technology,'? panel a of figure 2.13
shows that the pattern observed in firms’ use of mobile versus fixed-line phones is con-
sistent with leapfrogging. However, this pattern is not maintained for other technolo-
gies.” In fact, leapfrogging is not commonly observed across technologies used by firms
across different business functions. Indeed, the adoption and use of many specific tech-
nologies by firms tend to follow a mostly continuous process (with incremental improve-
ments), rather than disruptive patterns.
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FIGURE 2.11 Within-Firm Variance of Technology Sophistication Is Positively
Associated with Regional Productivity
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data, following Cirera et al. 2020a.

Note: The regional-level within-firm variance of technology sophistication for all business functions (ABF) is on the y-axis. The regional
productivity is on the x-axis. The regional productivity is measured as the average value added per worker based on a representative
sample of the FAT data for each region using sampling weights and adjusted by purchasing power parity. Countries are as follows:
Bangladesh (BD); Brazil (BR); Burkina Faso (BF); Ghana (GH); India (IN); Kenya (KE); Korea, Rep. (KR); Malawi (MW); Senegal (SN); and
Vietnam (VT). The eight regions sampled in Vietnam (VT) are: Region 1 (Bac Ninh, Hai Phong, Ninh Binh); Region 2 (Bac Giang, Thai
Nguyén); Region 3 (Binh Binh, Ha Tinh, Thanh Hod); Region 4 (Kon Tum, Ldm Bong); Region 5 (Binh Duong, Bong Nai); Region 6 (Long
An, Vinh Long); Region 7 (Ha N6i); and Region 8 (Ho Chi Minh City).

To better illustrate this point, panel b of figure 2.13 presents the estimated probability
of firms using digital and frontier technologies. It includes the use of the internet and
computers, as general-purpose technologies (GPTs), Excel and ERP used for business
administration, as GBFs, as well as four frontier sector-specific business function (SBF)
technologies used by food-processing firms: computer testing such as chromatography or
spectroscopy used for “input testing”; power equipment controlled by computers or
robotics for “cooking, mixing, and blending”; advanced methods such as high-pressure
processing used as an antibacterial process for “preserving”; and machines fully auto-
mated with robotics used for “packaging.” The probability of using the internet, comput-
ers, and Excel follows a similar shape, suggesting that most firms, except small ones, are
very likely to use these technologies. For the other advanced technologies, including ERP
and other frontier technologies for SBFs—all of them with advanced digital compo-
nents—there is a significant gap between small (late adopter) and large (early adopter)
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FIGURE 212 Technology Disruption in Telecommunications
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Source: Qriginal figure based on World Bank World Development Indicators.

FIGURE 213 Diffusion Curves, by Firm Size (Early versus Late Adopters)
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.

Note: The diffusion curves analyze the probability of adopting a given technology across firm size. Assuming that larger firms adopt
earlier than smaller firms, this is a representation of the diffusion over time of specific technologies. The figure presents estimates of
the probability of adoption across all 11 countries in the FAT survey sample for the extensive margin (whether a technology is used or
not) as a function of the log of the number of workers and controlling for age group and sector using sampling weights. Adm. = admin-
istration; ERP = enterprise resource planning; GBFs = general business functions; SBFs = sector-specific business functions.
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firms. The curve has an S-shape—a pattern that is well established in the literature on
technology diffusion (Gort and Klepper 1982; Skinner and Staiger 2007).

Technology upgrading within firms is mostly a continuous process. While using
Excel—an old technology—for business administration closely follows the pattern of the
adoption of computers and the internet, there is still a large gap with respect to ERP,
which follows a pattern that is much closer to the sector-specific technologies. Low-cost
digital technologies (such as standard software or social media) are easily available to
perform some of the GBFs (such as standard software or apps for business administra-
tion tasks and online payments). By contrast, SBFs usually require more sophisticated
and customized application of digital technologies, usually embedded in expensive
machines—such as global positioning system (GPS) in tractors or equipment controlled
by computers for mixing and cooking. Despite some differences across sectors and tech-
nologies, these patterns tend to be consistent across most functions, where earlier adopt-
ers (larger firms) tend to move much more quickly in adopting and using more
sophisticated technologies. This topic is discussed further in chapters 3 and 5.

Fact 10. Firms with low levels of technology sophistication are overconfident
about their technological capabilities.

An important element to explain delayed adoption of more sophisticated technologies
is the willingness to adopt. Entrepreneurs can have important biases against adoption.
For example, if entrepreneurs or managers believe that they are already adopting more
sophisticated technologies in relative terms, it is unlikely that they will invest in adopt-
ing new technologies. Then the question is whether firms are aware of their actual
technology gap.

To address this question, figure 2.14 compares the entrepreneurs’ self-assessment of
their technology level with the actual measurement index in the survey. The FAT survey
asks for a self-assessment of technology from 1 to 10 (here rescaled to 1 to 5), comparing the
respondent’s firm with other firms within the country (here distributed by quintiles).' >

Along the 45-degree line, the predicted technology sophistication of the manager
matches the actual level of sophistication. However, the results suggest that firms with
lower levels of technological capabilities are more likely to overestimate their technol-
ogy sophistication in relation to other firms.'® These results capture a type of behav-
ioral bias labeled reference group mneglect (Camerer and Lovallo 1999) by which
entrepreneurs tend to underestimate their competitors’ abilities—in this case, techno-
logical capabilities. The importance of this type of bias, as described in chapter 6, is that
firms may not upgrade their technologies if they do not perceive that they need them
to compete. Thus, reference group neglect can act as a strong deterrent for technology
upgrading and firms’ take-up of policy support programs. Chapter 7 highlights the
important role of public-private partnerships to address this bias by providing infor-
mation and benchmarking to firms.
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FIGURE 214 Firms with Lower Levels of Technological Capabilities Tend to
Overestimate Their Technological Sophistication
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Source: Qriginal figure based on Firm-level Adoption of Technology (FAT) survey data.
Note: The orange line shows the quadratic fit with 95 percent confidence interval using sampling weights. GBF = general business
function; SBF = sector-specific business function.
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Summing Up

This chapter has presented results from implementing the novel methodology pro-
posed by the FAT survey to measure technology adoption and use at the firm level in
11 countries over 51 regions and all income levels. The chapter provides a snapshot of
old and new stylized facts that characterize the process of technology adoption and use
in developing countries. The results open the black box of the firm (Demsetz 1997) and
describe previously poorly understood elements of diffusion of technology within the
firm. While previous work on the diffusion of technology within a firm focused on the
increase in the intensity of use of a specific technology (Battisti and Stoneman 2005) or
the diffusion across establishments, the data presented here also describe the process of
diffusion within the firm across business functions and tasks.

Some of the stylized facts uncovered were already known and complement more
macro facts presented in Comin and Hobijn (2004), especially around cross-country dif-
ferences in technology sophistication. In this volume, however, the findings are presented
from the point of view of the firm as the main decision-maker on whether to adopt a
technology and for what purpose. Other findings are novel, adding nuance and rigor to
the identification of existing technology gaps. Specifically, the chapter shows that:

Most firms in developing countries are far from the technology frontier.
More productive regions are closer to the technology frontier.
Advanced economies have many more sophisticated firms.

Ll

Technology sophistication varies significantly across business functions, and

differences across countries are not maintained at the business function level.

5. Scale and size are important in explaining technology sophistication. Larger
firms use more sophisticated technologies, but this scale effect varies across
technologies.

6. The largest technology gaps occur within countries, not between countries.

7. More productive regions have more dispersion in regional technology
sophistication.

8. There is a large variation in technology sophistication within firms, and it is
positively correlated with productivity.

9. Technology upgrading by firms is a continuous process. Leapfrogging
technologies is rare.

10.Firms with low levels of technological capabilities are overconfident about their

capabilities to adopt and use technology.

The granularity that this methodology provides by focusing on the business
function or task opens a promising new research and policy agenda regarding what
technologies matter most for performance and whether policies should focus equally
on all technologies. The data can also provide important insights about the differences
in technology adoption across sectors and their role in structural transformation.
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These are all elements that have been largely explored with aggregated data, but lack-

ing strong micro foundations.

While this chapter has provided a general characterization of firm-level technology

adoption and use, the next few chapters focus on specific elements that merit further

analysis, such as sector differences, the impact of technology on performance, and the

role of technologies for firms’ resilience to shocks.

Notes

1.

10.
11.

12.

The chapter presents and analyzes data collected in 11 representative countries varying across
income levels, world regions, and differences in technology adoption and use: Bangladesh, Brazil,
Burkina Faso, Ghana, India, Kenya, the Republic of Korea, Malawi, Poland, Senegal, and Vietnam.
The sample for each country is nationally representative, except for Brazil (covering only the state
of Ceard) and India (covering only the states of Tamil Nadu and Uttar Pradesh). This chapter
reports some original findings from Cirera et al. (2020a, 2020b).

. The analysis considers the frontier to be above an average of 3.5, which loosely corresponds to

firms utilizing digital technologies for most business functions and using some frontier technolo-
gies in sector-specific business functions, and using those intensively. A score of 5.0 corresponds
to the use of frontier technologies for all business functions, which in the FAT survey sample
occurs for only two firms in Korea.

. This finding is consistent with a literature that links further investments of frontier firms in tech-

nology in sectors close to the technology frontier (Aghion et al. 2009).

. Poland is excluded in figure 2.3 because productivity estimates were not available for cross-

country comparison.

. This high and positive correlation also provides ex post validation of the team’s measure of tech-

nology sophistication, originally based on experts’ assessments.

. The sampling frames providing the number of establishments for Kenya, Korea, Senegal, and

Vietnam were provided by the respective national statistical offices, based on the latest establish-
ment census available in the respective country.

Maloney and Zambrano (2021) develop a model of entrepreneurial capital and show the impor-
tance of migrants in explaining the industrialization process in Latin America.

Cirera et al. (2020b) test this hypothesis for Brazil (the state of Ceard), Senegal, and Vietnam, and
find first-order stochastic dominance among these countries.

This contrasts with empirical results that show large productivity dispersion in developing econ-
omies (Hsieh and Klenow 2009) and suggests that what may be driving these differences are
distortions that create the wedges in revenue total factor productivity (TFPR), which are larger in
developing countries.

For more details about these results, see Cirera et al. (2020a).

Both fixed-line telephones and mobile phones have high sunk costs. Yet, the lower marginal cost
of diffusion associated with mobile phones has disrupted the slow expansion of the previous
existing market of fixed-line phones.

Large firms use more sophisticated technologies, as illustrated in figure 2.6. If one assumes that
they were also faster to adopt—earlier adopters—the likelihood of leapfrogging can be repre-
sented by the likelihood that a small firm will use a new technology compared to a large firm.
If the probability is similar and the technology is new and sophisticated, that implies that small
firms adopt quickly and can leapfrog.
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13. Is the leapfrog pattern observed at the country level (figure 2.12) also observed for firms? A con-
straint to address this question with FAT data is the lack of a time series that allows one to observe
adoption of a given technology by firms over time. Yet, under the assumption that larger firms are
earlier adopters, it is possible to observe the pattern of adoption across firm size as a continuum
variable. Given that only one point in time in the data can be observed (around the latest year of
figure 2.12), one would expect: (a) a gap between mobile and fixed-line telephone use, with firms
being more likely to use mobile phones; and (b) a smaller gap between mobile and fixed-line
phone use among earlier adopters (larger firms). Panel a of figure 2.13 suggests that both condi-
tions hold. On average, a very large share of firms is using mobile phones for business purposes,
and there is no significant difference across firm size, after controlling for other characteristics,
such as country fixed effects.

14. The question also asks the firm to compare with firms that are global technology leaders in their
sector of activity.

15. The self-assessment question is asked before any of the technology adoption questions to prevent
any bias in the self-assessment from potential framing.

16. These results are similar when using the actual technology sophistication index instead of quin-
tiles of the distribution of the index within countries.
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